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needs  the  Space 
Station. 


The  Space  Station  is  our  first 
step  to  die  stars.  And  it’s  time  to 
begin. 

Space  research  is  advancing 
so  rapidly  diat  this  young  lady, 


or  one  of  her  schoolmates, 
could  be  die  first  person  to  set 
foot  on  Mars. 

If  so,  she’ll  get  there  just  in  time. 
America  needs  to  move  forward 


now  in  space  research  to  speed 
our  rate  of  invention  and  create 
new  jobs  based  on  advanced 
technology. 

In  addition  to  the  immediate 


benefits  of  this  great  challenge 
— new  technology  and  new 
jobs  — the  Space  Station  is  a 
stepping  stone  toward  Mars. 

We  should  build  it.  Now. 
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Thereto  going  lobe,  a lot 
happen huf  out  there  in  the  next  decade. 
Fora  previeu\xec  the  special  report 
befp'nniiujon  page- 23. 
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SHOULDN’T  WE  BE  THERE  TOO? 


Help  launch  a Space  Station  for  America.  Write:  “Get  U.S.  Into  Space,”  /WCDO/VAI i 
c/o  McDonnell  Douglas,  P.O.  Box  14526,  St.  Louis,  MO  63178.  ^ 


Id  almost  forgotten  what  got  me  into 
this  business  in  the  first  place. 

Being  a publisher  it's  easy  to  get  lost 
in  the  numbers.  You  spend  a lot  of  time 
counting  beans,  and  sometimes  The 
Universe  shrinks  down  to  the  size  of  a 
spreadsheet.  Sc  it  was  nice  to  find 
myself  looking  up  again. 

September  29,  1988  was  a day  of 
renewal  for  a lot  of  us.  It  had  seemed  so 
long  since  we  last  watched  that  bright 
fire  climbing  into  the  sky.  And  now  there 
it  was,  the  pure  essence  of  this  maga- 
zine's mission,  rising  from  a Florida 
launch  pad  toward  the  future. 

Id  be  lying  if  I told  you  we  have  no 
regard  for  the  bottom  line  around  here. 
But  that's  not  what  fuels  the  fire.  Watch- 
ing Discovery  go,  I couldn't  help  but 
think  that  somehow,  in  some  small  way, 
FINAL  FRONTIER— the  staff,  the  read- 
ers  and  our  collective  spirit  of 
adventure— had  contributed  to  its 
motion.  What  keeps  me  going  is  the 
belief  that  we  help  out  by  inspiring  both 
the  space  "establishment"  and  the  new 
wildcatters  to  aim  higher. 

The  U.S.  space  program  has  suf- 
fered its  own  version  of  the  shrinking 


From  The 
Publisher 


Universe  in  the  past  three  years. 
Instead  of  spacewalks  and  planetary 
fly-bys,  it's  been  O-rings  and  safety 
regulations.  All  necessary  work,  but 
hardly  the  stuff  of  dreams.  And 
nowhere  near  as  exciting  as  the  plans 
you'll  find  outlined  in  this  issue. 

That's  why,  when  we  started  tallying 
up  all  the  projects  on  deck  for  the  next 
ten  years  in  space,  it  got  our  pulses 
going  a little  quicker  We'd  heard  that 
the  U.  S space  program  was  comatose, 
with  no  plans  and  no  ideas.  But  there's 
enough  excitement  here  for  two  dec- 
ades. Theres  the  Hubble  Space 
Telescope,  maybe  the  most  revolution- 
ary scientific  instrument  of  its  time. 
Then  there’s  space  station  Freedom, 
our  first  real  outpost  on  the  new  frontier 
And  some  of  the  advanced  vehicles  on 
the  drawing  boards  hold  the  promise 
that  more  of  us  may  be  going  up  there 
soon,  to  look  around  for  ourselves. 

True,  a lot  of  these  projects  were  set 


in  motion  years  ago,  in  the  halls  of  Con- 
gress and  in  space  centers  around  the 
country.  The  Challenger  accident 
caused  a traffic  jam,  and  now  the  traf- 
fic's moving  again. 

And  our  job  is  to  make  sure  it  keeps 
moving. 

What’s  planned  for  the  1990s  is  only  a 
start.  If  we  want  to  head  out  for  the 
Moon,  Mars  and  points  beyond,  we 
need  to  get  cracking  today,  right  now. 
That  means  all  of  us— the  leaders,  the 
public  that  has  to  keep  demanding 
vision  from  those  leaders,  and  this 
magazine,  whose  role  is  to  keep  look- 
ing up. 

If  we  all  do  our  jobs,  the  next  Next  Ten 
Years  in  Space  will  be  even  more 
spectacular, 

Ever  upward, 


William  Rooney 
Publisher 
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NASA 

COLLECTION 


T-Plus  10  seconds  arid  the  Shuttle  has  cleared  the  tower!  Celebrate  America's  triumphant 
return  to  space  with  this  hot  new  Liftoff  design, 

SWEATS  — Shirts  and  pants  for  the  active  lifestyle  or  just  lounging  around  your  home.  Soft 
fleece  Inside.  Polyester /Cot ton  blend.  5-M-L-XL  White  or  Black,  Made  in  U.S.A. 

I ZJ9  Sweatshirt  Liftoff  $25 
1310  Sweatpants  Blackbird  $ 1 8 

ADULT  T-SHIRT  - 1 00%  Cotton  Heavyweight.  5(34-36),  M(3S-40),  L(42  44),  XL(46-48).  White 
or  BTack.  Made  in  U.S.A. 


The  Team  Shirt.  Reserved  for  those  on  the  cutting  edge.  The  distinctive 
Manned  Maneuvering  Unit  (MMU)  fJys  over  the  official  NASA  signature. 
Ultra  soft  pure  brushed  Pima  Cotton  knit  Sportshiri,  comparable  to  polo 
shirts  costing  over  $40  dollars!  Features  two  button  placket,  premium  knitted 
cuffs,  single  needle  stitched  shoulders,  split  sports  tail,  2M  side  vents  with 
2Vi"  tali.  S-M-L-XL  White.  Made  in  U.S.A. 

1330  Sportshirt  MMU #2  $32 


YOUTH  T-SHIRT  - Poly  /Cotton  YS{6-8),  YM(  \ 0-  \ 2)t  YL(  1 4- 1 6}.  White  or  Black.  Made  in  U S A. 


1019  T-Shirt  Liftoff  (Adult  $1  5)  {Youth  $10) 

WALLHANGINC  — Screen  printed  Black-Ultra-Suede,  stretched  over  kiln  dried,  rounded  edge 
wood  frames  create  a "fra me! ess"  hi-tech  look.  Ready  to  hang. 

1315  WaUhangmg  Deluxe  Liftoff  $35 


ORDER  TODAY 


For  the  quickest  delivery,  order  by 
Credit  Card  Toll-Free.  We  accept 
Visa,  MasterCard,  Ameri- 
can Express,  and  Discover. 

If  you  prefer  to  pay  by  check 
or  money  order  send  us  a note 
specifying  each  item  fl.  color,  and 
size.  Be  sure  to  include  shipping  and 
handling  of 
$2,25  for 
the  first 
Item 


and  $.50  for  each  thereafter,  Canadian 
customers  include  $3.50  for  the  first 
item  and  $1,00  for  each  thereafter.  Inter- 
national is  $6.50  for  the  first  and  $2.50 
for  each  thereafter.  U.5.  Dollars  Only. 

Send  to  the  Blackbird  address  below. 
Allow  2-3  weeks  for  delivery.  All  items 
are  absolutely  100%  guaranteed. 


Box  8607,  Dept  FF288,  Scottsdale,  AZ  85252 


. A-B  Emblem  was  the  manufacturer  of  the 

original  NASA  patch . And  si  nee  Apo  No  12,  A-B 
Emblem  has  been  the  sole  supplier  of  patches  to 
the  astronauts,  under  exclusive  contract  with  NASA. 
Other  manufacturers  can  say  they  supply  patches  to 
NASA,  but  this  does  not  mean  they  make  the  space 
mission  patches  for  the  astronauts.  Only  A-B  Emblem  can 
say  that.  And  now  you  can  order  direct. 


Mercury.  Gemini.  ApoNo-Soyuz,  Skylab  and 
European  Space  Agency  patches  also 
available. 


A-B  emblems  are  also  available  through 
Spaceport  USA  at  Kennedy  Space  Center, 
and  at  NASA  exchanges  and  museum  gift 
shops  throughout  the  world. 


ORDER  FORM 


(All  Shuttle/Apollo  patches  are  4".  $4.95  ea 
NASA  insignia  and  all  Mercury/Gemini 
patches  are  T , $2  95  ea.) 

Total 

Qty.  Package  Prices:  cost 

Qty, 

Stock  # 

Total  Cost 

Cu  iron  L Shutt  le  Series  f 27  pa  Echos ) $ ! 08  65 
Save  $25.00 

t -■ 

10  Most  Recent  Shuttle  Patches  $39.50 
Save  $10  00 

Enure  Apollo  Series  (12  patches]  S49.50 
Save  $12  00 

E rn  i re  Merc  u ry  Se  rics  ( 6 pa  tc  hes  ) $ 1 695 

Entire  Gemini  Series!  1 1 patches)  $29  95 

The  Mission  Data  Booklet— gives  complete 
su  m ma  ry  of  ea  c h NASA  M ission  $395  ea 
(free  with  purchase  of  $50  or  more] 

Sub-Total 

NC  Resident  3%  Tax 

Shipping/Handling 

$2.00 

Total  Order 

CaJJ  Toff  Free  Have  your  VISA  or  MASTERCARD  ready. 
Or  send  name,  address,  and  check  or  money  order  to 
A-B  Emblem,  P.O.  Box  82695,  Weavervilfe,  NC  28787. 


800/438-4285 
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Solar  Concentrator 
Providing  50  Kw  of  Electricity 


OFFICIAL 
SPACE  SUIT 


FOR  YOUR  YOUNG  ASTRONAUT 


A reproduction  of  the  official 
NASA  suit  worn  by  Space 
Shuttle  astronauts  with 
color  patches,  including 
STS26.  Made  in  U.S.;  durable 
65/35  poly/cotton; 
royal  blue;  zip- 
pered  pockets. 

Sizes  (ages): 

XS(1),  S(2), 

M(4),  L(6), 
XL(8) 

— S37.50  ea. 

Add  S2  for 
shipping. 

CALL  TOLL  FREE 
1-800-852-6272. 


VISA  or  MC  accepted. 
Money  Back  guarantee. 


Shuttle  Products  Inti. 

1812  Park  Avenue 
P.O.  Box  5100 
Titusville.  FL  32783-5100 


Resenting 
the  perfect 
ad  space 
forspaceads. 


We’re  the  only  magazine  devoted 
exclusively,  fanatically,  religiously,  to 
space  exploration.  And  our  readers 
comprise  a concentrated  group  of  true 
believers — people  who  love  space  and  all 
its  accoutrements. 

Do  some  skywriting  for  over  130,000 
readers  held  captive  by  outer  space. 
Advertise  in  Final  Frontier. 

For  information,  call  or  write:  Final 
Frontier,  2400  Foshay  Tower, 

Minneapolis,  MN  55402.  (612)  332-3001. 


Beating  the  Iron  Triangle 

I read  Walter  A.  McDougall’s  essay 
“Space,  Politics,  and  the  Next  Pres- 
ident” (October  1988)  with  interest, 
particularly  as  I am  the  co-author  (with 
Phillip  K.  Salin)  of  the  Reason  Founda- 
tion study  mentioned  several  times  in 
the  article.  I am  in  agreement  with 
much  of  what  he  said,  and  I appreciate 
his  judgment  that  we  made  a strong 
case  for  privatization.  However,  I would 
disagree  with  his  subsequent  com- 
ment that  we  ignored  “the  structural 
interest  groups  and  entry  costs  that 
would  make  sweeping  privatization 
politically  and  financially  painful."  Our 
discussion  of  the  “Iron  Triangle"  effect, 
which  he  referred  to  several  times,  con- 
tains a fairly  lengthy  treatment  of 
precisely  those  structural  groups,  and 
the  chances  of  overcoming  the  nega- 
tive effects  of  their  influence.  Perhaps 
he  means  to  say  that  we  did  not  con- 
vince him  that  those  interests  could  be 
overcome. 

As  to  the  question  of  entry  costs,  his 
essay  displays  a tendency  (which 
appears  elsewhere  in  his  work)  to 
accept  the  entry  costs  which  have  pre- 
vailed to  date  in  space  transportation 
as  inherent  to  the  industry.  This 
assumption  leads  to  the  conclusion 
that  space  transportation  has  been 
dominated  by  the  “military-industrial 
complex"  because  it  is  expensive, 
whereas  we  argue  that  space  transpor- 
tation is  expensive  because  it  has  been 
carried  out  until  now  exclusively  by 
those  interests.  My  own  work  at  the 
American  Rocket  Company  has  rein- 
forced my  belief  that  the  entry  costs  for 
space  transportation  are  not  inherently 
huge. 

The  heart  of  our  argument  is  that  a 


change  in  incentive  structures  is  the 
only  effective  remedy  for  the  problems 
which  continue  to  plague  American 
efforts  in  space.  A growing  influx  of 
genuinely  private  operators,  allied  with 
those  interests  in  the  government 
which  are  strongly  results-driven,  such 
as  parts  of  the  defense  community,  is 
the  trend  most  likely  to  drive  these 
incentive  structure  changes.  (This  is 
also  the  most  likely  way  to  harness 
the  “young,  bright  talent"  which 
McDougall  refers  to.) 

As  to  the  chances  of  overcoming  the 
entrenched  interests  and  implement- 
ing privatization,  I feel  that  there  are 
good  reasons  to  expect  it  to  succeed.  I 
suggest  that  readers  interested  in  the 
question  acquire  our  study  and  decide 
for  themselves.  The  study,  entitled 
Privatizing  Space  Transportation,  can 
be  obtained  by  sending  $5.00  to  the 
Reason  Foundation,  2716  Ocean  Park 
Blvd.,  Suite  1062,  Santa  Monica, 
California  90405. 

James  C.  Bennett . 

Vice  President,  External  Affairs 
American  Rocket  Company 

At  the  Forefront 

Add  my  relief  and  thanks  for  an  ultra- 
modern, up-to-the-  minute  and  beautiful 
ultra-space  magazine.  I am  68,  and  expect 
to  subscribe  to  FINAL  FRONTIER  for  at 
least  the  next  40  years.  My  thanks  also  to 
our  American  space  scientists,  engineers 
and  many  related  workers  who  have  taken 
us  this  far,  and  will  take  us  into  the  future. 

I am  firmly  and  irrevocably  convinced 
that  in  the  limitless  vigintillions  of  centuries 
ahead,  America  will  still  be  in  the  forefront 
of  space  exploration  and  exploitation. 

Kenneth  Yale  Whipple 
Goodrich,  Michigan 


8 FINAL  FRONTIER 
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Learn  to  troubleshoot  and  service 
computer  systems  as  you  build 
a fully  XT-compatible  micro, 
complete  with  512K  RAM 
powerful  20  meg  hard  drive 

Your  NRI  computer  training  includes  all  this:  • NRI’s  unique  Discovery  Lab  for  circuit  design  and  diagnosis 
• NRI’s  hand-held  digital  multimeter  featuring  “talkyouthrough"  instructions  on  audio  cassette  • A digital 
logic  probe  that  lets  you  visually  examine  computer  circuits  • The  new  Packard  Bell  VX88  computer  with 
“intelligent"  keyboard,  360K  double-sided,  double-density  disk  drive,  51 2K  RAM,  16K  ROM  • 20  megabyte 

hard  disk  drive  • Bundled  software 
including  MS-DOS,  GW-BASIC,  word 
processing,  spreadsheet,  and  database 
programs  • Packard  Bell  reference 
manuals  with  programming  guidelines  and 
schematics.  * 


Train  the  NRI  Way — 

and  Earn  Good  Money  Servicing 

Any  Brand  of  Computer 

Jobs  for  computer  service  technicians  will 
almost  double  in  the  next  10  years  according 
to  Department  of  Labor  statistics,  making 
computer  service  one  of  the  top  10  growth 
fields  in  the  nation. 

Now  you  can  cash  in  on  this  exciting 
opportunity— either  as  a full-time  industry 
technician  or  in  a computer  service  business 
of  your  own— once  you’ve  mastered 
electronics  and  computers  the  NRI  way. 

NRI’s  practical  combination  of 
“reason- why”  theory  and  hands-on  building 
skills  starts  you  with  the  fundamentals  of 
electronics,  then  guides  you  through  more 
sophisticated  circuitry  all  the  way  up  to  the 
latest  advances  in  computer  technology. 

You  even  learn  to  program  in  BASIC  and 
machine  language,  the  essential  language 
for  troubleshooting  and  repair. 

Get  Real-World  Skills  as  You  Train 
With  a Powerful  XT-Compatible 
Micro— Now  With  20  Meg  Hard  Drive! 


To  give  you  hands-on  training  with  the 
absolute  in  state-of-the-art  computer 
technology,  NRI  includes  the  powerful  new 
Packard  Bell  VX88  computer  as  the 
centerpiece  of  your  training.  As  you 
assemble  this  fully  IBM  XT-compatible 
micro  from  the  keyboard  up,  you  actually 
see  for  yourself  how  every  section  of  your 
computer  works. 

You  assemble  and  test  your  computer's 
“intelligent”  keyboard,  install  the  power 
supply  and  5 !4"  disk  drive,  then  interface  the 
high-resolution  monitor.  But  that’s  not  all. 

Your  hands-on  training  continues  as 
you  install  a powerful  20  megabyte  hard 
disk  drive— today’s  most-wanted  computer 


peripheral— now  included  in  your  course  to 
dramatically  increase  the  data  storage 
capacity  of  your  computer  while  giving  you 
lightning-quick  data  access.  Plus  you  work 
with  exclusive  word  processing,  database, 
and  spreadsheet  software,  yours  to  use  for 
your  own  professional  and  personal 
applications. 

As  you  build  your  computer, 
performing  key  demonstrations  and 
experiments  at  each  stage  of  assembly,  you 
get  the  confidence-building,  real-world 
experience  you  need  to  work  with, 
troubleshoot,  and  service  today’s  most 
widely  used  computer  systems. 

No  Experience  Needed,  NRI  Builds  It  In 


This  is  the  kind  of  practical,  hands-on 
experience  that  makes  you  uniquely 
prepared  to  take  advantage  of  today’s 
opportunities  in  computer  service.  You  learn 
at  your  own  convenience  in  your  own  home. 


No  classroom  pressures,  no  night  school,  no 
need  to  quit  your  present  job  until  you’re 
ready  to  make  your  move.  And  all 
throughout  your  training,  you’ve  got  the  full 
support  of  your  personal  NRI  instructor  and 
the  NRI  technical  staff,  always  ready  to 
answer  your  questions  and  help  you 
whenever  you  need  it. 

FREE  100-Page  Catalog  Tells  More 

Send  today  for  NRI’s  big,  100-page,  full- 
color  catalog  that  describes  every  aspect  of 
NRI’s  innovative  computer  training,  as  well 
as  hands-on  training  in  robotics,  video/audio 
servicing,  electronic  music  technology, 
security  electronics,  data  communications, 
and  other  growing  high-tech  career  fields.  If 
the  coupon  is  missing,  write  to:  NRI  School 
of  Electronics,  McGraw-Hill  Continuing 
Education  Center,  3939  Wisconsin  Avenue, 
Washington,  DC  20016. 

IBM  is  a registered  trademark  of  International  Business 
Machines  Corporation 


SEND  COUPON  TODAY  FOR  FREE  NRI  CATALOG! 
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McGraw-Hill  Continuing  Education  Center 
3939  Wisconsin  Avenue,  NW.  Washington,  DC  20016 


For  Career  courses 
approved  under  GI  Bill 

Lj  check  for  details. 


/ CHECK  ONE  FREE  CATALOG  ONLY 

□ Computer  Electronics 

□ TV/ Video/ Audio  Servicing 

□ Robotics 

□ Electronic  Music  Technology 

□ Security  Electronics 

□ Digital  Electronics  Servicing 


Electronic  Design  Technology 
Industrial  Electronics 
L Communications  Electronics 
Basic  Electronics 
Bookkeeping  and  Accounting 
Building  Construction 
Automotive  Servicing 


□ Air  Conditioning,  Heating  & Refrigeration 

□ Small  Engine  Repair 

□ Electrician 

□ Locksmithing  & Electronic  Security 

□ Travel  Careers 

□ Telephone  Servicing 

□ Paralegal 


Name  (Please  print) 

Age 

Street 

i 

City/State/Zip 

We’ll  give  you  tomorrow. 
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Confidence  Regained 


Dan  Rather  has  a reputation  as  a tough 
but  fair-minded  newsman,  the  kind  who 
gives  NASA  its  lumps  when  they  are 
deserved,  and  praise  when  the  space 
agency  earns  it.  His  radio  p)rogram, 
"Dan  Rather  Reporting"  airs  daily  on  the 
CBS  Radio  Network.  Last  September 
29 — the  day  Discovery  put  Americans 
back  into  orbit — Rather  used  the  broad- 
cast to  reflect  on  his  years  of  reporting 
America’s  space  triumphs. ..and  its 
tragedies. 

t was  early  in  the  Florida  morn- 
ing, before  daybreak.  We 
were  helicoptering  in  the  dark,  over  the 
Intercoastal  Canal  and  the  marshlands 
below,  toward  the  future— toward  the 
Space  Center.  Suddenly  there  it  was, 
bathed  in  white  light,  condensation  ris- 
ing like  smoke  from  its  base.  Mystical, 
magical  launch  pad  39B,  where  the 
spaceship  Discovery  was  stacked  and 
waiting.  Rushing  through  a reporter’s 
mind,  a blur  of  thoughts  and  images, 
memories  and  anticipation. 

I remember  the  first  time  I saw  the 
Cape.  That’s  what  we  called  it  then,  "the 
Cape.’’  Cape  Canaveral.  We  drove  in 
then,  through  mist  and  low  ground  fog. 

Discovery  clears  the  pad. 


An  anchorman's  thoughts  on 
our  return  to  space, 

T ▼ ▼ 

By  Dan  Ra  ther 

And  that  first  sight  of  launch  pads  to 
space — and  the  great  beyond  — is 
etched  in  one  mind  forever.  So  is 
standing  on  the  grass  at  Rice  Stadium 
in  Houston,  hearing  President  Kennedy 
commit  us  to  going  to  the  Moon.  To  the 
Moon. 


And  all  those  Apollo  shots,  the  fire  on 
the  pad  and  the  haunting  specter  of 
trapped  astronauts  burning  to  death  in 
their  capsule.  Then  the  Moon  shots 
themselves,  first  the  orbital  missions 
around  the  Moon,  followed  by  the  land- 
ing on  it— those  first  footsteps,  and  our 
euphoria  at  having  met  the  challenge. 
These  were  the  1960s.  NASA  was  the 
can-do  agency  that  worked,  and  ours 
was  the  can-do  country  that  worked. 
On  to  Mars,  many  said.  But  many  didn't, 
and  some  of  those  were  in  the  White 
House. 

It  was  the  1970’s  by  now.  Richard 
Nixon  was  president.  He  wasn’t  inter- 
ested in  going  to  Mars,  and  neither 
were  a lot  of  other  Americans — 
enough,  anyway,  that  we  didn't  commit, 
we  didn’t  go  after  it.  Slower,  go  slower. 
Spend  less  and  try  less,  we  were  told. 
And  Mars,  forget  it.  Maybe  some  day, 
but  not  now. 

The  consolation  prize  was  building 
the  space  shuttle.  It  was  the  very  least 
of  the  major  options,  the  least  of  the  big 
goals.  Not  very  imaginative,  not  even 
very  big,  just  a kind  of  little  something 
to  keep  the  space  agency  going.  So  we 
forgot  about  Mars  and  settled  on  the 
shuttle,  a kind  of  space  truck  for  haul- 
ing people  and  gear  into  space. 
Develop  the  shuttle  we  did,  the  best  we 
could,  and  that  was  good — very  good. 

The  space  shuttle  is  the  most  com- 
plex flying  machine  ever  built.  It 
probably  will  remain  so  through  the 
end  of  this  century.  It  takes  off  like  a 
rocket,  maneuvers  in  orbit  like  a 
spacecraft,  and  lands  like  an  airplane. 
The  shuttle  is  humankind’s  first,  and  to 
this  day,  only,  true  spaceship.  More 
than  two  dozen  times  we  put  it  up  and 
got  it  down.  And  then,  disaster.  Shuttle 
Challenger — the  beautiful,  beautiful 
Challenger — exploded  in  mid-air,  and 
with  its  crew,  was  gone  forever. 

With  Challenger  went  some — no, 
went  a lot — of  our  confidence.  Today 
our  confidence  is  back-up  there,  out 
there. 

Its  name — Discovery.... 

Reprinted  with  permission  of  CBS 
News  Radio. 
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Now  Available  on  Video  Cassettes 


EYEWITNESS  TO 
AMERICA'S 
ACHIEVEMENTS 
IN  SPACE 


Official  NASA  films  to  enjoy  now 
and  preserve  for  future  generations 

A Complete  History.  ■ 


Captain  James  Lovell, 
former  astronaut  and 
host  of  the  series  says: 
"A  spectacular  way  to 
relive  the  excitement  of 
our  Space  Program." 


Relive  25  years  of  America  in  Space  on 
your  VCR.  Own  a piece  of  history! 

Twenty-five  years  ago,  John  Glenn  be- 
came the  first  American  to  orbit  the  Earth. 
Ed  White  followed  three  years  later  and 
walked  in  space!  And  then,  in  1969,  Neil 
Armstrong's  "giant  leap  for  mankind"  — 
Man's  first  steps  on  the  Moon. 

Surely,  had  you  owned  a VCR  all  these 
years,  you  would  have  taped  these  and 
other  triumphs  for  posterity,  as  they  were 
televised.  Now,  The  Easton  Press  offers 
you  something  better:  official  NASA  docu- 
mentaries on  video  cassettes! 

America's  Achievements  in  Space  includes 
ten  90-minute  video  cassettes  — a 


complete  history  of  America's  proudest 
moments.  Featured  are  movies  . . . photo- 
graphs made  by  the  astronauts  themselves 
...  guest  narration  by  such  notables  as  Carl 
Sagan,  E.G.  Marshall  and  Orson  Welles. 
Each  tape  comes  with  a colorful  Mission 
Summary,  describing  the  astronauts,  the 
spacecraft  and  the  mission. 

Affordably  priced  at  S 29,95  per  tape, 
and  easy  to  acquire. 

America's  Achievements  in  Space  is  avail- 
able by  subscription  from  The  Easton  Press. 
Subscribers  will  receive  two  90-minute 
video  tapes  every  other  month.  Your  price 
of  529,95  per  tape  is  guaranteed  for  the 
entire  set  — monthly  installments  make  it 
easy  to  pay.  To  reserve  yours,  simply  com- 
plete the  Reservation  Application  at  right 
and  mail  it  to  The  Easton  Press. 


FREE  for  ordering  now , , . full-color  prints 
of  four  spectacular  NASA  photographs 
like  those  featured  in  this  announcement. 

Reservation  Apprrcaton - 
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AMERICA'S  ACHIEVEMENTS  IN  SPACE 

The  Easton  Press  No  payment  required  now. 
4 7 Richards  Aven  ue  we  wui  wif  you. 

Norwalk,  Connecticut  0685  7 

Please  enroll  my  subscripts  to  Americas 
Achievements  in  Space.  Every  other  month  f 
will  receive  two  90-minute  video  cassettes  in  the 
format  designated  below.  Bill  me  S 29  95  [plus 
S2.50  postage  and  handling)  for  eacn  tape.  I 
need  pay  for  only  one  tape  per  month . 
i understand  that  I may  return  any  unopened 
tape  within  30  days  for  a full  refund  and  either 
party  may  cancel  this  agreement  at  any  time. 
Video  Format  (check  one): 

□ VHS  □ Beta 

□ As  a convenience,  enclosed  is  532  45*  [pay- 
able to  Easton  Press)  for  my  first  tape. 

□ Please  charge  my  payments,  at  the  time  of 
shipment,  to  my  credit  card. 

□ VISA  □ MasterCard 


Credit  Card  No. 

Expiration  Date 

Name 

Address 

City/State 

Zip 
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YANKS  BEAT  REDS,  14-10 

ASA’s  Wallops  Flight  Facility  in 
Virginia  is  no  stranger  to  the 
roar  of  rocket  engines,  but  it  was  more  a 
woooosh!  than  a rumble  that  sounded 
across  the  Delmarva  peninsula  early  in 
October.  For  the  first  time  ever,  Ameri- 
can model  rocketeers  squared  off  in 
head-to-head  competition  against  a 
squad  of  modelers  from  the  Soviet 
Union. 

According  to  contest  director  Ed 
Pearson,  the  idea  for  this  meeting  of 
two  very  different  worlds  of  model 
rocketry  began 


three  years  ago, 
when  U.S.  and 
Soviet  space- 
modeling repre- 
sentatives to  the 
Federation  Aero- 
nautique  Inter- 
nationale (the 
same  group  that 
certifies  record 
flights  of  real 
planes  and 
spacecraft)  be- 
gan informal  dis- 
cussions. After  a 
series  of  what  Pearson  calls  "bureau- 
cratic clearances”  and  fund  raising 
efforts,  an  October  1988  target  date  was 
set  for  the  Wallops  competition,  with  a 
future  encounter  to  take  place  in 
Moscow. 

The  American  team  won  the  meet, 
"placing”  fourteen  times  to  the  Soviets’ 
ten,  but  the  spirit  of  competition  took  a 
back  seat  to  the  camaraderie  of  people 
with  the  same  longstanding  interest. 
Model  rocketry-at  least  at  this  level - 
isn’t  a sport  for  kids;  the  participants 
ranged  in  age  from  late  twenties  to 
mid-fifties.  Some  had  been  flying 
model  rockets  since  the  dawn  of  the 
Space  Age  thirty  years  ago. 

“They’re  just  regular  guys,"  said  Phil 
Barnes  of  Maryland,  one  of  the  Ameri- 
can rocketeers.  "The  Soviet  team  was 
really  more  interested  in  seeing  the 
United  States  than  in  winning  the 
competition."  Ed  Pearson  echoed  that 
sentiment:  “It  was  a milestone  event  in 


this  modeling  arena,  [but  also]  a 
chance  for  international  cooperation 
and  relations,  cultural  exchange  and 
understanding.” 

If  only  we  could  keep  all  our  worldly 
competitions  this  civil....  -R.  J.  Karr 

DOUBLE  DUTY 


t was  bound  to  happen  sooner 
or  later.  Less  than  six  months 
after  Alexander  P Alexandrov  returned 
to  Earth  at  the  end  of  1987,  Alexander  P 
Alexandrov  was  in  space  visiting  the 
Soviet  Union’s  Mir  space  station. 

Same  name,  different  guy. 

By  the  middle  of  1988,  more  than  200 
humans  had  been  in  orbit.  First  names 
repeated  after  only  a few  years:  the 
second  “John"  (Young)  flew  in  1965, 
"Vladimir"  #2  (Shatalov)  not  long  after- 
ward. In  the  early  1980s,  last  names 
began  to  duplicate,  some  even  doubl- 
ing up  on  the  same  mission. 

The  crew  patch  for  the  last  suc- 
cessful shuttle  flight  before  the 
Challenger  accident  looked  like  the 
linotype  stuttered-  "Nelson"  appeared 
twice.  George  “Pinky”  Nelson  was  a 
veteran  shuttle  astronaut;  Bill  Nelson 
(sans  diminutive  nickname)  was  the 
congressman  from  Florida.  And  had 
the  accident  not  intervened,  the  “dou- 
ble namer"  effect  would  have  occurred 
again  a few  months  later.  The  first  flight 
scheduled  to  depart  the  Vandenberg 
shuttle  launch  site  in  California  listed 
Guy  Gardner  as  pilot,  two-time  veteran 
Dale  Gardner  as  a flight  engineer. 

Since  spaceflight  history  was  at 
stake,  of  course  the  Russians  had  to  do 
things  even  better.  In  1987  they 
selected  a Bulgarian  guest  cosmonaut 
with  the  same  last  and  first  names  (not 
to  mention  middle  initial)  as  an  experi- 
enced Soviet  spacefarer.  The  Bulga- 
rian "Alexander  P Alexandrov”  was  on 
the  second  team  for  the  failed  Soyuz  33 
flight  in  1979,  then  was  chosen  for  a 
June  1988  re-flight  along  with  a backup 
pilot  named  Stoyanov  (whose  brother- 
another  Stoyano  v-a/so  was  a 

candidate  for  the  mission!). 

What’s  to  come?  NASA  could  fly  the 
two  married  shuttle  veterans,  Bill  and 
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: Anna  Fisher,  together.  Another  female 
i astronaut  named  Shulman  now  uses 
j her  new  husband’s  last  name  of  Baker, 
j while  an  unrelated  “Baker”  was 
i selected  for  the  1984  astronaut  class. 

Meanwhile,  double-name  aficiona- 
j dos  will  have  to  make  Columbia’s  co- 
I pilot  for  the  shuttle’s  STS-28  mission 
j next  July  their  hero.  His  name?  Richard 
j Richards.  -James  E.  Oberg 

DIAL-A-TARGET 

around  and  around  the  space 
shuttle  goes.  And  where  it 
i stops  in  the  direst  of  emergencies, 

; hardly  anybody  knows... including 
::  those  who  own  some  of  the  30  or  so 
j contingency  landing  sites  that  dot  the 
; globe. 

Don’t  confuse  these  runways  with  the 
j ones  where  orbiters  are  supposed  to 
j land  after  a mission.  Or  with  those  sites 
j where  an  orbiter  could  land  after  a bad 
i launch-like  the  four  designated  abort 
j sites  in  Europe  and  Africa,  which  NASA 
| says  are  for  a “true  emergency.” 

The  space  agency  has  equipped 
j these  transatlantic  (or  “TAL”)  abort 
j sites  in  Spain,  Morocco  and  Gambia 
j with  everything  a shuttle  needs  to 
j touch  down  safely:  navigation  and 
j landing  aids,  weather  radar,  fire- 
j fighters  and  paramedics,  runway 
i lights,  even  arresting  nets  near  the  end 
j of  the  pavement  to  catch  the  vehicle 
| should  it  overshoot  its  landing. 

But  NASA  will  say  only  that  the 
; backup  emergency  runways  meet  “the 
i criteria”  for  unplanned  landings.  They 
j include  “U.S.  sites,  Department  of 
; Defense  bases  around  the  world  and 
j non-U.S.  sites.” 

Apparently,  those  non-U.S.  sites  are 
j the  reason  the  list  isn’t  public.  “There 
i may  be  countries  that  prefer  we  don’t 
: give  out  their  names,”  says  Debbie 
; Rahn,  a NASA  international  affairs 
; spokesperson.  “Besides,"  Rahn  adds, 

: “we’re  not  prepared  to  give  out  a list  of 
j those  potential  emergency  landing 
i sites  when  the  governments-some  of 
; them-are  not  even  aware  they’re  on  the 
i list  at  this  point.” 

For  each  mission,  emergency  land- 


ing coordinates  are  programmed  into 
an  orbiter  computer  that  space  agency 
insiders  nicknamed  "Dial-a-Target.” 
Orbiting  shuttle  crews  can  punch  up 
landing  strips  to  match  their  trajectory. 
NASA  won’t  say,  but  rumor  has  it  that 
Orlando  International  Airport,  a 45- 
minute  buzz  across  the  Bee  Line 
Expressway  from  Kennedy  Space  Cen- 
ter, is  one  of  the  sites. 

Even  as  Discovery  returned  the  shut- 
tle to  flight  in  September,  NASA  still  was 
checking  with  U.S.  embassies  near  the 
foreign  sites  to  make  sure  its  list  was 
viable.  “Our  intent  is  always  to  come 
home  if  we  can,"  Rahn  points  out.  But 
"when  you  have  to  come  down,  you 
have  to  come  down.”  -Beth  Dickey 


AND  WELL  HAVE 
SUN,  SUN,  SUN 

eady  for  a cosmic  show?  The 
Sun  is  on  its  way  to  reaching 
the  height  of  another  sunspot  cycle- 
and  experts  say  that  the  peak  of  “Cycle 
22”  in  1990  may  rival  that  of  1958,  the 
strongest  ever  recorded. 

Be  ready  for  stunning  auroral  dis- 
plays and  an  additional  shot  of  ozone  to 
the  Earth’s  depleted  ozone  blanket, 
due  to  the  action  of  solar  radiation  on 
oxygen  in  the  atmosphere.  Also  be  pre- 
pared for  electrical  blackouts  and 
communication  problems.  But  for 
NASA  and  other  space  agencies 
around  the  world,  there  is  another 
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NOTESFROM 

Earth 


NASA’s  fire-fighting  ER-2  aircraft. 


worry:  radiation  interference  and  atmo- 
spheric drag  on  orbiting  spacecraft. 
"As  the  solar  cycle  reaches  its  peak, 
emissions  from  the  Sun  increase,”  says 
Joe  Hirman,  forecast  operations  mana- 
ger at  the  Space  Environmental 
Services  Center  run  by  the  National 
Oceanic  and  Atmospheric  Administra- 
tion and  the  Air  Force.  "The  emissions 
from  the  larger  solar  flares  release  the 
energy  equivalent  to  what  Man  has 
used  since  he  has  been  on  Earth." 
Such  great  bursts  of  radiation  during 
the  peak  of  the  cycle  have  the  potential 
to  do  radical  damage  to  satellite  com- 
ponents. And  the  human  "compo- 
nents" of  an  orbiting  shuttle  won’t  be 
immune;  spacewalking  astronauts  may 
have  to  hustle  inside  as  their  vehicle 
quickly  drops  to  a lower,  more  pro- 
tected orbit.  The  geomagnetic  storms 


that  create  striking  auroral  displays  will 
also  heat  and  expand  the  thin  air  of  the 
upper  atmosphere,  resulting  in 
increased  drag  on  spacecraft  in  low 
orbits.  That  particular  consequence 
offers  one  advantage:  it  will  clear  out  at 
least  some  of  the  clutter  of  unused  or 
discarded  satellites.  But  atmospheric 
friction  doesn’t  discriminate  between 
space  junk  and  functioning  hardware. 
"NASA  is  concerned  about  several 
working  spacecraft,"  says  Hirman. 
"They're  afraid  the  craft  will  re-enter  the 
atmosphere  before  the  shuttle  can 
retrieve  them."  That  fear  isn’t 
unfounded.  On  July  12, 1979,  during  the 
last  sunspot  cycle  peak,  the  derelict 
Skylab  space  station  fell  back  to  Earth- 
the  victim  of  a decaying  orbit  helped 
along  by  the  increase  in  solar  activity. 

-Patricia  Barnes-Svarney 


WELCOME  TO  THE 
SPACE  AGE,  SMOKE Y 

ASA  teamed  up  with  Smokey 
the  Bear  late  last  summer 
when  a voracious  cluster  of  wildfires 
raged  through  Yellowstone  National 
Park,  devouring  nearly  half  its  2.2  mil- 
lion acres.  To  make  the  best  possible 
use  of  their  8,000  to  10,000  firefighters, 
forest  service  strategists  needed  the 
most  recent  and  accurate  information 
they  could  get. 

Enter  Vince  Ambrosia  and  Jim  Brass 
from  NASA’s  Ames  Research  Center  in 
California.  As  part  of  the  space  agen- 
cy’s "Mission  to  Planet  Earth”  research, 
these  environmental  experts  con- 
stantly watch  data  from  Earth-viewing 
satellites  operated  by  the  National 
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JOHN  BUSH 


Oceanic  and  Atmospheric  Administra- 
tion, checking  the  contribution  of  fires 
to  atmospheric  pollution  on  a global 
scale.  When  the  Yellowstone  blaze 
raged  for  an  agonizing  three  months, 
they  gathered  up  a NASA  team  and 
headed  for  Wyoming. 

In  September,  NASA’s  ER-2  aircraft  (a 
modified  version  of  the  U-2  spy  plane) 
flew  in  from  the  coast  to  scan  the  Yel- 
lowstone area.  At  65,000  feet,  the  ER-2 
soared  high  above  the  smoke  plumes, 
its  instruments  penetrating  their  thick 
layers  to  make  an  infrared  map  of  80% 
of  the  park  in  a single  two-hour  flyover. 

Meanwhile,  the  NASA  team  rigged  a 
special  communications  setup  from 
the  aircraft  to  Yellowstone  so  that  forest 
rangers  could  have  instant  access  to 
their  remote  sensing  data  and  analysis. 
Says  park  spokesperson  Joan  Anzel- 
mo,  "When  you’re  fighting  fires  in  the 
wilderness,  you  can’t  tell  where  the  hot 
spots  are.  NASA’s  service  was  invalu- 
able to  us.” 

Ambrosia  notes  that  such  a fire  is 
"ecologically  part  of  the  natural  sys- 
tem.” Still,  he  adds,  a unique  set  of 
circumstances-destruction  of  timber 
by  a severe  beetle  infestation,  a three- 
year  drought,  unseasonably  high 
winds  and  dry  lightning  strikes-com- 
bined  this  summer  to  make  Yellowstone 
“a  time  bomb  waiting  to  go  off.” 

- Ray  Spangenburg  and  Diane  Moser 


LUNAR  ECOLOGY 

While  most  long-term  space 
planners  are  working  on  the 
problem  of  how  we’ll  protect  the  first 
Moon  settlers  from  the  harsh  lunar 
environment,  chemical  engineer 
Randy  Briggs  wants  to  turn  the  ques- 
tion around:  How  will  we  protect  the 
Moon  from  Man? 

Briggs,  a doctoral  student  at  Wor- 
cester Polytechnic  Institute  in  Massa- 
chusetts, has  forecast  the  possible 
environmental  effects  of  generating 
power,  mining  and  transporting  people 
to  the  Moon,  not  to  mention  all  the  daily 
functions  of  living,  breathing  human 
beings  on  the  surface.  His  objective, 
he  says,  was  to  promote  the  idea  that 
once  certain  planning  decisions  are 
made,  “there’s  no  turning  back.” 

It’s  the  Moon’s  pristine  state,  of 
course,  that  prompts  much  of  the 
desire  to  return.  Geologists  want  to 
examine  the  lunar  surface  for  clues 


traditional  ways,"  he  says,  “and  learn 
from  the  mistakes  we’ve  made  on 
Earth.”  -Henry  Fuhrmann 


NAME  THAT  MOON 


about  the  state  of  the  Solar  System  at  a 
much  earlier  stage  in  its  development, 
and  astronomers  hope  one  day  to  erect 
a large  telescope  on  the  Moon’s  far 
side.  Alteration  of  the  surface,  or  the 
creation  of  an  obscuring  atmosphere 
from  manmade  chemicals,  would 
defeat  some  of  the  very  reasons  for 
going  back. 

In  two  areas,  Briggs  found  little 
cause  for  worry.  There’s  little  or  no  dan- 
ger that  emissions  from  transport 
spacecraft  will  create  an  artificial 
atmosphere,  although  peak  flight  rates 
could  affect  lunar  astronomy.  Likewise, 
the  byproducts  of  human  chemistry 
pose  few  problems,  since  NASA  plan- 
ners assume  that  carbon  dioxide  and 
waste  water  should  be  recycled. 

On  the  other  hand,  Briggs  says,  the 
mining  of  lunar  soil  to  support  opera- 
tions on  the  Moon  could  leave  lasting 
damage.  By  his  calculations,  miners 
would  have  to  dig  a two  meter-thick 
plot  the  size  of  six  football  fields  to  har- 
vest 1,000  metric  tons  of  oxygen,  which 
would  be  used  for  rocket  propellant 
and  other  purposes.  If  the  unused  soil 
isn’t  “backfilled"  after  processing, 
huge  strip  mine  scars  would  be  left 
behind,  which  could  possibly  be  vis- 
ible from  Earth. 

Briggs  says  it’s  critical  that  ecology 
become  a basic  element  of  lunar  plan- 
ning-now. “We’ve  got  to  change  our 


alf  of  them  you  can't  pro- 
nounce. The  other  half  sound 
like  a role  call  for  a Shakespearean 
festival.  But  to  a subcommittee  of 
the  International  Astronomical  Union, 
names  like  Belinda,  Rosalind  and 
Desdemonaare  part  of  their  job-  chris- 
tening the  many  newfound  members  of 
the  Solar  System  community.  "If  we 
don’t  officially  give  names,  names 
spring  up  informally,”  said  astronomer 
Tobias  Owen,  who  chairs  the  IAU  sub- 
committee that  determines  planetary 
and  satellite  nomenclature.  "And  that 
gets  confusing.” 

Owen  and  ten  other  scientists, 
including  representatives  from  the 
Soviet  Union,  France,  Norway  and  Italy, 
have  been  busy  in  recent  years- 
especially  with  the  visits  by  Voyagers  1 
and  2 to  the  outer  Solar  System.  When 
naming  newly  discovered  satellites, 
the  group  tries  to  adhere  to  traditions 
set  up  by  earlier  discoverers. 

That’s  why,  when  Voyager  found  ten 
“new”  moons  orbiting  Uranus  in  1986, 
the  IAU  subcommittee  rejected  sug- 
gestions that  some  of  them  should 
honor  the  Challenger  astronauts  who 
had  died  even  while  Voyager  2 was 
rounding  the  planet.  “The  names  cho- 
sen were  from  Shakespeare’s  plays 
and  Alexander  Pope’s  poem  The  Rape 
of  the  Lock,"  says  Owen.  For  example, 
one  170-kilometer-  wide  chunk  of  rock 
orbiting  Uranus  now  bears  the  unlikely 
name  “Puck”-the  elf-like  character 
from  A Midsummer  Night’s  Dream. 

Next  August  Voyager  2 will  fly  past 
Neptune,  where  it  will  no  doubt  find 
more  satellites  in  need  of  names.  The 
"theme”  is  already  determined:  the  IAU 
will  follow  the  long-standing  custom  of 
naming  Neptune’s  closest  neighbors 
for  spirits,  beings,  goddesses  or  gods 
associated  with  the  Roman  god  of  the 
sea,  also  known  (to  the  Greeks)  as 
Poseidon.  The  names  “Triton"  and 
“Nereid"  are  already  taken,  but  among 
those  in  Neptune’s  crowd  who  haven't 
yet  been  honored  with  their  own  satel- 
lites are  his  son  Proteus  and 
Leucothea,  the  patron  goddess  of 
sailors  lost  in  a shipwreck. 

-Patricia  Barnes-Svarney 
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Boundaries 

Lunar  Excavations 


Caught  between  a rock  and  a 
hard  place?  On  Earth,  the 
solution  often  calls  for  a stick  of  dyna- 
mite, a hard  hat  and  a long  fuse.  But  on 
the  Moon,  breaking  ground  for  new 
construction  projects  is  going  to  be  a 
lot  more  complicated. 

To  use  explosives  or  not  to  use  explo- 
sives-that’s  the  difficult  question 
facing  long-term  lunar  planners.  The 
main  reason  for  looking  into  the  use  of 
explosives  on  the  Moon  stems  from 
NASA’s  recent  interest  in  establishing  a 
permanent  lunar  base-a  scientific 
outpost  that  may  also  be  a stepping- 
stone  to  a Mars  colony. 

“If  you  look  at  the  post- 
Apollo  exploration  era,  the 
plans  were  to  send  up 
space  station  modules  to 
the  Moon  and  bury  them  in 
the  lunar  soil  for  protec- 
tion," explains  Wendell 
Mendell,  chief  scientist  for 
lunar-based  studies  at  the 
Johnson  Space  Center  in 
Houston.  “But  if  you  are 
going  to  have  a permanent 
facility,  that  sort  of  design 
is  not  good  for  a productive 
work  environment  or  place 
for  people  to  live.  There 
must  be  some  kind  of 
construction  technique 
developed.” 

But  consider  the  prob- 
lems of  transporting 
enough  lunar  bulldozers  to 
excavate  the  land  and 
make  room  for  the  Moon 
base’s  labs,  observatories  and 
spaceports.  Launching  all  that  equip- 
ment directly  from  Earth  requires  at 
least  22  times  as  much  energy  as  lifting 
a similar  amount  from  the  Moon.  The 
sheer  weight  of  the  task  is  a major  fac- 
tor favoring  the  use  of  explosives. 

When  it  comes  to  blowing  up  things, 
the  Moon  is  literally  a new  world.  The 
wide  range  in  lunartemperatures-from 
+ 240  degrees  to  -280  degrees 
Fahrenheit,  may  affect  the  properties 
of  whatever  explosives  are  used.  Eons 
of  bombardment  by  meteorites  has  left 
the  Moon’s  surface  strewn  with  rubble; 


Booming  business  on  the  Moon 

▼ T ▼ 

By  Patricia  Bames-Svamey 

the  unconsolidated  rock  might  be 
unstable  during  an  explosion,  raising 
the  potential  for  a dangerous  landslide. 
Probably  the  most  vexing  problem  is 
the  Moon’s  low  gravity,  one-sixth  that  of 
Earth.  Given  enough  energy,  particles 
from  an  explosion  might  be  blasted  into 
lunar  orbit. 

Right  now,  the  reluctance  to  consider 


using  explosives  in  space  has  to  do 
with  thirty  years  of  experience.  “There 
seems  to  be  an  engineering  culture 
gap,”  Mendell  says.  “NASA  is  full  of 
rocket  scientists  who  believe  that 
explosives  are  something  you  keep  in  a 
rocket  or  stay  away  from  if  at  all 
possible. 

Once  we  get  people  who  are  experi- 
enced in  construction  involved  in 
thinking  about  these  things,  we  will 
have  new  ideas-  and  one  may  be  the 
use  of  explosives  on  the  Moon  in  a con- 
trolled way.” 

Paul  Weiblen,  director  of  the  Space 


Science  Center  at  the  University  of 
Minnesota,  agrees.  “Those  technolo- 
gies [for  handling  lunar  explosives]  are 
not  on  hand,  but  they  could  be  devel- 
oped-they  would  always  have  to  be 
weighed  against  the  alternatives." 

Researchers  are  working  hard  to  find 
those  alternatives.  One  proposed 
device-a  plasma  torch-would  be 
similar  to  the  acetylene  torches  used  in 
Earthly  rock  quarries.  Using  solar  radi- 
ation for  an  electricity  source,  modified 
plasma  torches  might  be  able  to  chip 
the  surface  of  lunar  rocks,  and  eventu- 
ally help  to  cut  out  blocks  of  bedrock. 

Microwaves  also  may 
provide  another  non- 
explosive choice.  If  a tight 
microwave  beam  is 
properly  tuned  on  a rock, 
the  minerals  within  the  rock 
would  expand  from  the 
heat-much  like  an  ordi- 
nary microwave  oven. 
Each  type  of  mineral  within 
the  rock  expands  at  a dif- 
ferent rate,  thus  crumbling 
the  rock  and  making  it 
easier  to  dig  out.  And  there 
is  so  little  water  on  the 
moon  that  the  microwaves 
can  deeply  penetrate  the 
moon’s  surface. 

Even  if  other  high-tech 
excavation  methods  are 

0 adopted,  explosives 
| shouldn’t  be  ruled  out.  For 

1 example,  they  may  one  day 
1 be  used  as  an  emergency 

safety  feature  on  the  Moon. 
“If  astronauts  are  out  during  a large 
solar  flare  event,”  suggests  Weiblen, 
“they  would  have  to  quickly  shield 
themselves  from  the  intense  radiation. 
Perhaps  an  explosive  charge  could  be 
used  to  form  a cavity  in  which  to  hide." 

But  for  many  space  engineers,  there 
will  always  be  a negative  gutreaction  to 
the  idea  of  using  explosives  on  the 
moon.  It  seems  dangerous,  and  it  is. 
"But  if  you  saw  what  people  were  doing 
with  the  controlled  use  of  explosives,” 
says  Mendell,  those  same  engineers 
might  gain  enough  confidence  to 
“satisfy  all  the  issues.”  □ 
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Global Currents 

Japan’s  “Town  of  the  Stars” 


he  little  town  of  Usuda  (popu- 
lation 16,300)  lies  in  Nagano 
Prefecture,  in  the  heartland  of  Japan. 
What  sets  it  apart  from  dozens  of  other 
prosperous,  hardworking  Japanese 
machi  is  that  Usuda  calls  itself  the 
“Town  of  the  Stars”  and  seriously 
aspires  to  be  one  of  Japan’s  major 
space  centers. 

Slowly  but  surely,  Japan  is  becoming 
a major  power  in  space.  Unlike  the 
Soviets,  who  rely  for  the  most  part  on 
tried  and  true  technology,  or  the  Ameri- 
cans, with  their  hurry-up-then-do- 
nothing-for-years  mindset,  the  Japa- 
nese are  following  a rational,  long- 
range  plan  for  moving  into  space.  In 
August  1986,  they  launched  a booster 
called  the  H-1,  capable  of  putting  1,200 
pounds  in  orbit.  In  1992,  it  will  be  suc- 
ceeded by  the  H-2,  which  will  have 
almost  four  times  the  H-Ts  lifting 
capacity.  A laboratory  module  for 
NASA’s  space  station  Freedom  and  a 
Japanese  mini-shuttle  are  also  in  the 
planning  stages. 

In  some  ways,  Japanese  culture 
seems  suited  to  space  travel.  There’s 


In  Usuda , the  f uture  is  no  w. 

▼ ▼ ▼ 

ByJackD.Kiman 

space-theme-city.  The  town  developed 
grand  plans  for  a rocket-shaped 
observation  tower,  space  park, 
museum  of  space  science,  planetar- 
ium, astronomical  observation  station 
and  space  convention  center. 

In  November  1987  Usuda  also  estab- 
lished the  “Federal  State  of  the  Galaxy,” 
together  with  two  cities  and  three 
towns  that  have  similar  institutes  of 
space  science.  ( Federal  State  of  the 
Galaxy  sounds  more  than  a bit  like  sci- 
ence-fiction, but  it’s  a fairly  accurate 
translation  of  the  more  sober  Japanese 
term.) 

So  far,  only  the  rocket-observatory 
has  been  built.  Like  much  of  Japanese 
culture,  it’s  a mix  of  science  and 
mythology.  At  the  top  is  a 360-degree 
observation  area  sectioned  off  into  five 
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“Republics,"  each  named  after  a 
Japanese  space  science  center  such 
as  Tanegashima.  A town  official  says 
this  is  "to  help  the  schoolchildren 
remember  their  country's  space  capi- 
tals." 

Partway  up  the  sides  of  the  rocket  are 
four  small  statues,  each  representing 
an  astrological  symbol.  In  local  terms, 
this  isn’t  so  unusual:  Japanese  digital 
clocks,  which  can  tell  you  whether  your 
birthday  decades  from  now  will  be  on  a 
Tuesday  or  a Wednesday,  also  have 
another  button  to  tell  you  if  it  will  be  a 
“lucky"  or  “unlucky"  day. 

Inside  the  tower  are  a number  of 
glass  cases  for  exhibits.  Right  now, 
only  a replica  of  the  first  Japanese 
satellite  “Ohsumi,”  launched  in  1970,  is 
on  display.  A suggestion  for  the  next 
exhibit  is  an  international  space  station 
under  construction,  with  a cutaway 
showing  families  “living,  working  and 
playing"  in  space. 

There’s  also  a curious  Germanic 
touch.  Four  times  a day,  three  doors  in 
the  side  of  the  tower  open  up,  and 
small,  white  angel-like  figurines  do 


an  emphasis  on  competence,  good 
manners  and  politeness,  all  useful 
qualities  for  getting  along  together  in 
cramped  spaces.  In  some  respects,  it’s 
an  ideal  model  for  life  in  an  orbiting  sta- 
tion or  lunar  base.  And  Japanese 
landscaping  and  architecture,  with 
their  feel  for  miniaturized  beauty  and 
elegance,  seem  custom-made  for  life 
in  space. 

The  town  of  Usuda  entered  the 
space  age  in  1984  when  Japan’s  Insti- 
tute of  Space  and  Astronautical 
Science  built  a huge  deep  space 
tracking  antenna  on  a hill  outside  its 
limits.  Since  Usuda  is  an  inland  town, 
it’s  unlikely  ever  to  be  a major  launch 
site  for  rockets-although  the  current 
Japanese  launch  center,  Tanegashima 
Island,  south  of  Kyushu,  is  only  used  90 
days  a year.  (The  locals  claim  that  rock- 
ets scare  the  fish,  and  Japanese 
fisherman  have  a lot  of  political  clout.) 

Under  the  leadership  of  mayor 
Saichi  Maruyama  (a  lively  gentleman  in 
his  mid-seventies),  Usuda  opted  for 
the  next  best  thing:  to  make  itself  a 
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brief  mechanical  dances  to  the 
accompaniment  of  chime  music.  The 
town  officials  believe  this  will  be  a 
showpiece  for  attracting  Japanese 
tourists.  Nagano  Prefecture  (the  “state” 
where  Usuda  is  located)  is  one  of  the 
most  beautiful  parts  of  Japan,  with 
plenty  of  scenic  mountains,  skiing 
areas  and  hot  springs.  And  like  most  of 
Japan,  the  past  and  the  future  in  Usuda 
are  as  close  as  heads  and  tails  on  a 
coin.  A bit  down  the  road  from  the  rock- 
et tower,  a thousand-  year-old  temple 
and  stately  three-story  pagoda  sit 
quietly  in  a pine  forest. 

In  this  age  of  megaprojects,  tiny 
Usuda’s  plans  to  become  a leading 
space  center  may  seem  like  a dream. 
But  Takashi  Yamada,  a manager  for 
Japan’s  largest  aerospace  contractor, 
Mitsubishi  Heavy  Industries,  makes  a 
telling  point.  "The  Japanese  are  good 
at  going  after  dreams,  once  they  look 
achievable.”  □ 

A rocket-tower  is  only  the  beginning  of 
Usuda’s  plans. 
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Earthly  Pursuits 

Keeping  an  Eye  on  National  Treasures 


When  the  Galileo  Jupiter  mis- 
sion and  the  Hubble  Space 
Telescope  begin  sending  back  their 
pictures  from  space  in  the  next  few 
years,  the  results  will  flabbergast  even 
the  most  sophisticated  viewer  of  high- 
quality  NASA  photos.  Everything  will 
be  done  electronically,  using  the  latest 
thing  in  astronomical  sensors:  charge- 
coupled  devices,  or  CCDs.  No  film  to 
recover,  no  processing  to  go  wrong,  no 
Voyager-type  TV  cameras. 

That  same  CCD  technology — which 
has  been  in  development  at  NASA’s  Jet 
Propulsion  laboratory  for  about  ten 
years — is  now  being  used  in  a camera 
at  the  National  Archives  and  Records 
Administration  in  Washington,  D.C.  to 
monitor  the  health  of  our  most  prized 
national  documents.  The  camera, 
mounted  on  a 6,000-  lb.  table  of  granite 
and  steel,  represents  some  of  the  most 
advanced  image  processing  technol- 
ogy in  use  anywhere — even  in  space. 

Charge-coupled  devices  are  simply 
tiny  pickups  wired  together  in  an  array 
on  a silicon  chip.  In  the  Charters 
Monitoring  System,  as  the  Archives 
apparatus  is  called,  1,024  of  these  sen- 
sors (or  “photosites”)  make  up  an  array 
that  can  see  a 31  millimeter-long  line  of 
print  on  a document.  Each  photosite 
receives  sensory  data  from  a pinpoint 
along  that  line  and  gathers  it,  like  water 
in  a bucket.  When  the  “sensor  bucket” 
is  full,  the  data  are  automatically 
dumped  down  the  wire  to  a collection 
system.  All  the  sensing  and  collection 
of  data  is  done  electronically;  the  cam- 
era has  no  film. 

The  data  are  then  digitized  and  can 


A space-age  camera  checks  America's 
personal  papers 

T ▼ ▼ 

By  Robert  Moulton 

be  stored,  transmitted  or  printed.  By 
comparing  the  images  that  the  camera 
has  stored  over  time,  the  Archives 
preservationists  can  look  for  signs  of 
deterioration  in  the  documents. 

“Obviously,  we  haven’t  seen  any 
changes  yet.  It’s  too  early,"  Archives 
preservation  officer  Alan  Calmes  said. 
Baseline  photos  of  the  Constitution 
were  taken  in  September  1987  with  fol- 
low-ups a year  later.  “We  shouldn’t  see 
any  changes  in  that  short  period  of 
time,  but  with  this  camera  and  image 
processing  system  we  will  be  able  to 
see  if  any  of  our  documents  have 
stretched  or  faded,  or  if  any  ink  has 
chipped  off.” 

The  camera  will  be  used  to  monitor 
the  “Charters  of  Freedom:”  the  Bill  of 
Rights,  the  Constitution  and  the  Decla- 
ration of  Independence.  It  also  will 
keep  its  electronic  eye  on  other  impor- 
tant national  documents  for  which  the 
Archives  has  responsibility.  When  doc- 
uments go  out  on  loan,  they’ll  first  be 
photographed;  when  they  return,  they 
will  be  examined  by  the  camera  again 
to  see  what  changes,  if  any,  have 
occurred. 

The  resolution  and  registration  of  the 
camera,  which  must  be  extremely  pre- 
cise, is  controlled  by  a computer  that 
checks  for  geometric  distortions,  focal 
position,  uniformity  of  light  source  and 


system  performance.  A human  control- 
ler executes  commands  from  the 
operator  console  and  sends  data  to  the 
image  processing  computer  and  data 
log. 

The  Archives  monitoring  system  is 
setting  new  standards  of  accuracy  in 
the  repetition  and  quality  control  of 
electronic  images.  Any  apparent 
differences  between  one  picture  and 
the  next  are  almost  certain  to  be  real, 
because  the  system  precisely  controls 
light  levels,  sensor  temperature,  cam- 
era focus  and  other  variables. 

The  Jet  Propulsion  Laboratory,  noted 
for  its  work  with  NASA’s  planetary 
probes,  is  the  main  contractor  for  the 
$3.3  million  Charters  Monitoring  Sys- 
tem. Calmes  points  out  that  the  device 
took  five  years  of  design  and  devel- 
opment “even  though  we  had  used  this 
image  processing  technology 
perhaps  as  early  as  the  1960s.  This  was 
an  entirely  new  application  of  CCDs 
and  digital  image  processing,  and  no 
one  had  ever  built  a camera  like  this.” 

The  Archives  is  now  seeking  a qual- 
ified operator  for  the  camera;  until  now, 
it’s  been  Calmes’  responsibility.  “We’ll 
be  looking  for  a physicist  or  optical 
engineer  trained  in  radiometry,  optics 
or  image  processing,”  said  the  Ar- 
chives preservationist.  “The  job  will 
provide  a unique  advantage;  it’s  all 
new,  there’s  nothing  like  this  anywhere, 
and  it  will  provide  really  good  opportu- 
nities for  research  and  for  the  writing  of 
professional  papers.” 

And  it  will  all  be  done  with  electronic 
wizardry,  courtesy  of  America’s  space 
program. 
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Surround  Yourself  With  A Giant  7x7' Map  Of  The  Future. 


If  you’ve  dared  dream  of  ownins  your  own 
planetarium  some  day,  today’s  the  day!  What’s  more, 
stars  in  this  planetarium  slow  all  night  in  6 magni- 
tudes  of  brishtness,  without  clouds  or  smog  or  city 
lights  to  spoil  your  view. 

Two  years  of  research  and  experimentation  went 
into  the  "Heavens  Above!®  ’’  mural  from  NightSky™ 
Enterprises.  We  chose  embossed  leathery  paper 
(6 sheets  and  49  sq.  ft.  of  it!)  for  easy  at-home  assem- 
bly. This  brilliant  reproduction  of  names  and  constel- 
lations in  white  on  beautiful  Space  Blue  is  a unique 
addition  to  any  room.  A dense  luminous  ink  makes 
the  stars  glow  for  hours.  We  also  developed 
NightSky  SpaceBond™  the  adhesive  that  enables  you 
to  mount  the  6 sheets  and  remove  them  without 
damaging  the  mural  or  your  wall.  And,  with  added 
SpaceBond,  you  can  easily  remount  them. 

Included  with  your  mural,  your  own  Star  Locator 
and  a detailed  16  page  descriptive  booklet  "Guide 
to  the  Heavens”  by  Charles  "Budd”  Howard  III,  Assis- 
tant Director  of  Pomona,  NJ,  Stockton  College 
Observatory. 

You’ll  view  from  40°  N.  Latitude  61  constellations, 
over  500  stars,  nebulas,  clusters,  the  Ecliptic,  and  the 
Milky  Way  glowing  softly  beyond.  Enjoy  it  on  ceilings 
or  walls  of  home,  office  or  classroom. 
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We  Do  Windows 


We  do  windows. . .to  the  uni- 
verse for  NASA.  First,  we  built 
three  High  Energy  Astronomy- 
Observatories — HEAO  2 carried 
the  first  X-ray  telescope.  Next 
came  the  Gamma  Ray  Obser- 
vatory. Now  we're  ready  to 
produce  a low-risk,  science- rich 
Advanced  X-ray  Astrophysics 
Facility.  We  can  build  a highly 
reliable  AX  AF  to  do  the  job 
planned  by  NASA  today  and 
grow  with  tomorrow  s science. 

Our  approach  stresses  modu- 
larity, maintainability  mirror 


assembly,  and  management. 
Modularity  of  design  reduces 
production  and  operating  risks 
and  serves  growing  science 
requirements.  Orbital  replace- 
ment units  for  most  AXAF  sub- 
systems and  components  ensure 
maintainability  Meticulous 
planning  assures  that  our  inno- 
vative high  resolution  mirror 
assembly  stays  clean  and  clear 
for  the  observatory's  lifetime. 

TRW  will  direct  our  team  using 
end-item  management  to  sepa- 
rately develop  the  telescope  and 


spacecraft — all  coming  together 
with  the  science  instruments  on 
schedule  and  within  budget. 

TRW/ Kodak/ Ball.  Reducing 
the  risk  for  NASA's  next  scien- 
tific success  in  space. 


TRW  Space  & Technology 
Group 


e TRW  Inc.  1388 


* 


^ \ ft  fi  [ p 


0 


t 


/ 


redicting  the  future  is  a tough 
business.  Hit  the  mark,  and 
you're  praised  for  your  marvelous 
insight;  fall  flat,  and  people  wonder  how 
you  could  have  missed  the  obvious. 

Keeping  in  mind  the  perils  of 
prophecy,  FINAL  FRONTIER  asked  a 
group  of  experts  in  space  science,  busi- 
ness and  technology  to  give  us  a 
preview  of  what’s  planned — and  whats 
possible — for  the  next  decade.  Some 
of  the  plans  are  speculative,  others 
grounded  in  today's  launch  schedules 
and  budget  realities. 

But  if  the  forecasts  are  on  target,  the 


next  ten  years  in  space  will  be  a rich 
period  of  exploitation  as  well  as  explo- 
ration, a time  of  evolutionary,  and  some 
revolutionary,  steps. 

We’ll  see  our  first  close-ups  of  “new" 
planets  (Neptune),  moons  (Phobos) 
and  even  an  asteroid  or  two.  The  dec- 
ade opens  with  the  birth  of  one  space 
shuttle  program  (the  Soviet  Union's) 
and  the  rebirth  of  another.  In  fact,  Dis- 
covery's return  to  orbit  will  release  a 
virtual  flood  of  shuttle-borne  projects, 
starting  with  the  Magellan  mission  to 
Venus  next  April, 

By  decade's  end,  if  the  plans  hold, 


well  be  test -flying  a fleet  of  exciting  new 
vehicles  in  orbit,  from  aerospace 
planes  to  heavy  lift  launchers.  And,  at 
long  last,  space  will  be  permanently 
inhabited — by  an  international  cast  of 
characters  from  America,  the  Soviet 
Union,  Europe  and  Japan. 

And  some  people  say  there's  nothing 
happening  out  there  until  the  bus 
leaves  for  Mars.,,. 

Before  we  roll  the  coming  attractions, 
make  sure  you  stash  this  issue  of  FINAL 
FRONTIER  in  a safe  place.  That  way, 
ten  years  from  now,  you  can  write  to 
tell  us  how  we  made  out. 
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Voyager  Visits  Neptune 

nwelve  years  after  it  was 
launched  from  Earth,  the 
greatest  robot  explorer  our  species 
has  ever  produced— the  Voyager  2 
spacecraft— will  complete  its  "Grand 
Tour"  of  the  outer  Solar  System  with  a 
swing-by  of  distant  Neptune.  When 
Voyager  started  its  trek  in  1977  only  the 
most  optimistic  expected  this  magnifi- 
cent creation  to  actually  pull  it  off. 
Voyager's  encounter  with  Neptune 
on  August  24-25  may  be  the  most  spec- 
tacular yet.  Don't  miss  the  show, 
because  the  planetary  alignments  and 
physics  that  made  the  Grand  Tour 
possible  this  time  won't  allow  another 
attempt  until  2154. 


August  24, 1989:  Last  stop  on  the 
“Grand  Tour” 


Expect  Voyager's  pictures  of  Nep- 
tune to  resemble  the  views  of  Uranus 
sent  back  three  years  ago,  which 
showed  a smooth,  fuzzy-looking 
aquamarine  orb  with  hints  of  methane 
clouds  circling  high  in  its  atmosphere. 
Instead  of  the  continuous  rings  circling 
Jupiter,  Saturn  and  Uranus,  look  for  a 
baffling  region  of  thin,  spotty  patches, 
or  "arcs,"  of  ring  material,  which  planet- 
ary scientists  hope  Voyager  will  help  to 
explain.  Anticipate  a magnetic  field 
and  a sizable  magnetosphere. 

The  star  of  the  show  may  well  be 
enigmatic  Triton  — the  largest  of  the 
two  known  Neptunian  satellites,  about 
the  same  size  as  our  own  Moon.  Its  sur- 
face may  be  sprinkled  with  shallow 
lakes  of  liquid  nitrogen,  perhaps  sur- 
rounded by  craters  dusted  with  banks 
of  water  ice,  methane  frost  and  who 
knows  what  else.  With  a tenuous  atmo- 
sphere, it  joins  Saturn's  Titan  as  the  odd 
couple  among  the  moons  of  the  Solar 
System,  And  it's  the  only  major  satellite 
orbiting  in  the  opposite  direction  from 


its  parent  planet's  rotation.  No  one  is 
certain  why,  but  Voyager  2 may  provide 
clues. 

Since  this  is  Voyager's  last  planet, 
mission  designers  had  the  luxury  of 
choosing  the  most  exciting  path 
through  the  Neptune  system  (in  terms 
of  scientific  return)  that  mission  safety, 
spacecraft  performance  and  geomet- 
ric constraints  would  allow.  To  no  one's 
surprise,  Triton  was  selected  as  a sci- 
ence focus  equal  to  Neptune  itself. 

To  pass  closely  by  Triton  (at  a dis- 
tance of  only  25,000  miles),  the 
spacecraft  must  be  directed  to  pass 
ten  times  closer  to  Neptune.  Inbound,  it 
will  zip  just  outside  the  postulated  ring- 
arc  region,  aimed  for  a closest 
approach  in  the  northern  polar  region 
just  above  the  fringe  of  the  atmo- 
sphere, There,  it  will  be  slam-dunked 
southward  toward  Triton  by  the  strong 
Neptunian  gravity  field.  It’s  a tricky 
maneuver,  but  doable. 

All  of  this  doesn't  come  easily. 
Allowing  for  sunlight  levels  at  Neptune, 
which  are  100  times  dimmer  than  a 
moonlit  night,  forced  several  clever 
modifications  to  the  spacecraft;  in  fact, 
it  works  better  now  than  it  did  in  1977 
Grueling  last-minute  updates  to  the 
onboard  computer  programs  will  be 
required  to  correct  for  uncertainties  in 
navigation,  as  well  as  uncertainties 
about  the  physical  constants  of  Nep- 
tune and  Triton  and  Neptune's 
environmental  hazards.  An  unprece- 
dented array  of  Earthly  antennas  will  be 
needed  to  capture  the  spacecraft's 
extremely  faint  radio  signal,  which  will 
be  traveling  2.8  billion  miles  from  Nep- 
tune to  Earth 

Successful  completion  of  the  Grand 
Tour  in  1989  will  mark  the  end  of  human- 
ity's first  wave  of  planetary  reconnais- 
sance. Well  have  made  all  the  stops  in 
the  Solar  System,  sans  Pluto.  Speeding 
past  Neptune  and  Triton,  Voyager  2 will 
continue  to  explore,  joining  its  com- 
panions Voyager  1,  Pioneer  10  and 
Pioneer  11  in  a coordinated  survey  of 
the  fringes  of  our  Solar  System — and 
perhaps  the  mysteries  of  interstellar 
space.  — Rex  W.  Ridenoure 


The  Hubble  Space  Ifelescape 

n that  day  in  December  1989 
when  NASA's  Mubble  Space 
Telescope  is  released  into  orbit  from 
the  cargo  bay  of  the  space  shuttle,  a 
new  window  on  the  universe  will  open. 


Window  on  the  Universe:  Technicians 
prepare  Hubble  for  launch. 


Free  of  Earth's  distorting  atmosphere, 
this  superb  944nch  reflector  wilt  offer 
unparalleled  capabilities  for  studying 
the  cosmos  in  visible  and  ultraviolet 
light. 

Astronomers  and  astrophysicists 
have  been  waiting  for  years  to  crank  up 
what  will  be,  in  effect,  a time  machine. 
The  farther  out  we  look,  the  further 
back  we  see,  and  the  Space  Telescope 
will  allow  us  to  see  extremely  distant 
objects  that  formed  when  the  universe 
was  very  young.  Astronomers  will  be 
searching  for  familiar  objects— 
cosmic  calibration  markers— in 
distant  clusters  of  galaxies,  in  their 
attempt  to  discover  the  true  scale  of  the 
universe. 

Hubble  wilt  help  us  to  determine  the 
rate  at  which  the  universe  is  expanding, 
and  the  rate  at  which  this  expansion 
has  been  slowing  down  over  the  eons. 
That  information  has  profound  cos- 
mological consequences:  we  may 
learn  whether  the  universe  will  expand 
forever,  or  if  the  expansion  will  stop, 
reverse,  and  come  to  a "Big  Crunch" 
tens  of  billions  of  years  hence. 

The  Space  Telescope  also  offers  the 
prospect  of  determining  whether,  as 
some  astronomers  suspect,  there  are 
massive  black  holes  in  the  centers  of 
some  galaxies  that  power  the  enor- 
mous eruptions  called  quasars.  We 
should  be  able  to  observe  rapidly 
changing  events  in  certain  binary 
stars,  where  gas  stripped  from  one  star 
falls  onto  a neighbor  with  a powerful 
gravitational  field,  flashing  brightly  as  it 
drops.  Other  investigators  will  search 
for  the  likely  existence  of  a high-speed 
pulsar  at  the  heart  of  Supernova 
1987A — the  throbbing  remains  of  the 
most  brilliant  stellar  explosion  seen 
since  Kepler's  time. 

The  universe  is  full  of  gas— 
literally— and  Hubble  will  scrutinize  it 
more  thoroughly  than  ever  before 
possible.  Its  spectroscopes  will  investi- 
gate the  chemical  composition  and 
physical  state  of  gas  between  the  stars, 
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and  of  the  hot  “coronas"  around  certain 
galaxies.  By  measuring  the  location 
and  motion  of  stars  with  unparalleled 
accuracy,  the  Space  Telescope  may 
even  establish  the  reality  of  planets 
around  other  stars.  Closer  to  home, 
Hubble's  sensitive  cameras  should 
give  us  our  first  decent  look  at  Pluto 
and  its  mysterious  moon  Charon,  and 
its  view  of  the  outer  planets  will  be  sur- 
passed only  by  the  close-up  pictures 
taken  by  Voyager  and  Galileo, 

The  Hubble  Space  Telescope  is  the 
first  of  NASA's  “Great  Observatories,”  a 
suite  of  four  long-lived  orbiting  instru- 
ments tuned  to  different  parts  of  the 
electromagnetic  spectrum,  and 
designed  to  give  scientists  a more 
complete  picture  of  the  universe  as  a 
whole.  One  by  one,  the  Gamma  Ray 
Observatory  Advanced  X-Ray  Astro- 
physics Facility  and  Space  Infrared 
Telescope  Facility  will  join  Hubble  in 
orbit  during  the  1990s.  But  the  Space 
Telescope  won't  be  abandoned:  space 
shuttle  crews  will  revisit  it  periodically 
to  replace  worn  parts  and  to  install  new 
instruments,  including  infrared  sen- 
sors, that  will  upgrade  the  capabilities 
of  this  powerful  orbiting  observatory. 

On  the  eve  of  the  Hubble  Space 
Telescope's  launch,  we  aren't  even  sure 
what  new  questions  its  improved  vision 
might  raise  Future  historians  may  one 
day  look  back  on  the  1990s  as  the  dec- 
ade that  revolutionized  our  under- 
standing of  the  universe.  And  Hubble 
will  be  remembered  as  the  instrument 
that  first  cracked  open  the  window. 

— Stephen  PMaran 
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Factories  in  Orbit 

ive  hundred  years  after 
Columbus  discovered 

America,  a new  form  of  commercial 
trade  will  begin  on  a new  frontier. 


The  Industrial  Space  Facility:  Commer- 
cializing the  last  frontier. 


Columbus  wanted  to  find  a shorter 
route  to  Asia  to  bring  back  precious 
cargo;  the  advent  of  the  Industrial 
Space  Facility  (ISF),  Spacebab  and 
other  privately  funded  commercial 
operations  in  orbit  will  signal  the  begin- 
ning of  an  era  in  which  space- 
produced  goods  are  sold  on  Earth, 

The  Industrial  Space  Facility  pro- 
posed by  the  Houston-based  Space 
industriesjnc  ,will  be  a large  metal  cyl- 
inder about  14  feet  in  diameter  and  30 
feet  long,  which  will  provide  enough 
pressurized  volume,  power  and 
resources  to  support  a variety  of  exper- 
iments or  manufacturing  operations  in 
orbit. 

Although  St  won't  be  permanently 
occupied  like  NASA's  planned  space 
station  Freedom,  the  free-floating  ISF 
will  be  visited  routinely  by  the  space 
shuttle  to  allow  human  "tending"  of 
onboard  experiments  for  up  to  several 
weeks  at  a time.  Power  will  come  from 
solar  panels,  and  the  experiments  will 
be  monitored  and  even  controlled  from 
the  ground.  The  first  ISF  is  designed  to 
remain  in  orbit  after  launch  from  the 
shuttle  in  1992,  as  a “mini-factory"  sup- 
porting different  experiments  and 
operations  over  the  course  of  its 
lifetime. 

Washington-based  Spacehab,  Inc., 
has  a different  plan.  The  company 
wants  to  add  extra  room  to  the  shuttle 
itself  to  accommodate  many  more 
experiments  than  can  now  be  done  in 
the  arbiter's  mid-deck  area.  The  first 
version  of  the  pressurized  Spacehab 
module,  scheduled  for  launch  in  1991, 
will  be  bolted  into  the  shuttle's  cargo 
bay,  but  future  models  could  be 
attached  to  the  space  station  and  left  in 
orbit  to  provide  extra  laboratory  space 
for  commercial  experiments. 

A third  concept  is  proposed  by  both 
the  External  Tanks  Corporation 
(ETCO),  and  Global  Outposts,  Jnc,  to 
take  advantage  of  the  shuttle’s  huge 
external  fuel  tanks,  which  are  now 
allowed  to  re-enter  and  burn  up  in  the 
atmosphere  after  a launch.  With  a 
slight  change  to  the  shuttle's  launch 
trajectory,  the  tanks  could  be  lifted  into 
orbit  to  be  modified  and  used  for  a mul- 
titude of  purposes,  from  gamma  ray 
telescopes  to  waste  storage  facilities 
for  the  space  station,  to  enormous 
orbiting  garages. 

The  entrepreneurs  behind  these 
facilities,  while  varying  in  their 
approaches,  share  a common  vision  of 
conducting  commercial  activities  in 
space.  But  can  they  ultimately  rival  the 
success  of  the  early  North  American 
traders?  Their  products  will  need  to 
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Soviet  Phot) os  2 spacecraft  reaches  Mars 
orbit  in  late  January,  prepares  for  close 
encounter  with  moon  Phobos 


First  commercial  launches  of  Delta,  Atlas  and 
Titan  rockets 

Magellan  probe  launched  from  orbiting  space 
shuttle  toward  Venus 

Scheduled  first  test  flight  of  American  Rocket 
Corporation's  privately  developed  Industrial 
Launch  Vehicle 

Voyager  2 encounters  Neptune  and  its  moon 
Triton 

Galileo  spacecraft  begins  trek  to  Jupiter  after 
launch  from  space  shuttle 

Hubble  Space  Telescope  launched  into  orbit 
to  observe  the  Universe  in  visual  and 
ultraviolet  light 
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ASTRO -1  shuttle  mission  spends  nine  days  In 
orbit  studying  supernovas  and  other  astro- 
physical  phenomena 

Gamma  Ray  Observatory  becomes  the  sec- 
ond of  NASA’s  “Great  Observatories51  in  Earth 
orbit 

Chinese  Long  March  rocket  launches  Asiasat 
satellite  into  orbit  for  paying  customer 

Planned  first  orbital  launch  of  Conestoga  2 
booster,  privately  developed  by  Space  Serv- 
ices, Inc. 

Shuttle-borne  Space  Life  Sciences  Labora- 
tory spends  eight  days  in  space  studying 
effects  of  microgravity  on  humans  and 
animals 

European  Ulysses  probe  launched  from  the 
space  shuttle  to  study  polar  regions  of  the 
Sun 

Magellan  spacecraft  arrives  in  Venus  orbit  to 
begin  eight-month  radar  mapping  mission 
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have  high  value  and  low  mass,  due  to 
the  extremely  high  cost  of  launching 
cargo  into  space. 

Materials  such  as  semiconductors 
or  biomedical  products  fit  the  bill.  For 
example,  X-ray  "pictures'1  of  protein 
crystals  can  be  analyzed  by  super- 
computers to  determine  the  three- 
dimensional  structure  of  the  protein. 
This  crucial  information  allows  scien- 
tists to  understand  better  the  way 
proteins  are  involved  in  chemical  reac- 
tions In  our  bodies,  In  turn,  pharmaceu- 
tical companies  can  use  that  knowl- 
edge to  design  better  drugs.  The  pro- 
tein crystals  aren't  the  products  per 
se  — rather,  its  the  information  inside 
them. 

Crystals  grow  better  in  space,  partly 
because  the  lack  of  gravity  reduces  the 
motions  of  the  liquid  in  which  they 
grow.  Also,  the  crystal  doesn't  "sag” 
under  its  own  weight  as  it  gets  larger. 
Some  protein  crystal  experiments 
already  are  being  conducted  on  the 
space  shuttle.  Future  commercial 
activities  are  planned  onboard  the 
Soviet  Mir  space  station  until  facilities 
like  ISR  Spacehab  and  other  orbiting 
factories  become  available, 

Columbus'  voyage  was  intended  to 
visit  the  Far  East,  but  the  discovery  of 
the  New  World  eventually  over- 
shadowed the  venture's  original  goals. 
So  too  will  the  development  of  com- 
mercial space  facilities  lead  to  much 
greater  benefits  for  humankind  than  we 
can  imagine  now. 

— Byron  K.  Lichtenberg 


Soviet  Shuttle 
Begins  Operations 

nhe  time  is  1994.  After  years  of 
delays  and  redesign  efforts, 
the  Soviet  space  shuttle  conducts  its 
first  truly  operational  mission  by 
exchanging  a science  module  and 
several  crewmembers  on  the  aging 
Mir-1  space  station.  In  spite  of  severe 
criticism  from  elements  of  the  Soviet 
space  science  community,  and 
despite  budgetary  restrictions 
imposed  even  before  its  first  flight  in 
1988,  the  winged  "VKK"  ("vozdushno- 
kosmicheskoye  koradl,"  or  "aero- 
spacepfane1')  finally  begins  to  show  its 
value. 

This  is  not  the  shuttle's  first  manned 
launch;  test  pilot  cosmonauts  rode  it 
into  orbit  (with  lift  provided  by  the 
expendable  Energiya  booster)  follow- 
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ing  the  first  fully  automated  flights  in 
the  late  1980s.  Now  the  new,  improved 
ten-man  Sokol  ("Falcon"),  which 
replaces  the  prototype  Buran  ("Bliz- 
zard") and  P'tichka  ("Small  Bird") 
vehicles,  makes  its  flawless  maiden 
orbital  flight  from  the  newly  renamed 
"Korolev  Cosmodrome"  (formerly 
Baikonur),  For  the  first  time,  it  carries 
recoverable  main  engines  that  splash 
down  in  mid-Pacific  an  hour  after 
launch. 

Mission  commander  Leonid  Popov, 
48,  leads  his  three  crewmates  and  their 
six  passengers  on  a complex  series  of 
orbital  rendezvous  maneuvers  to  reach 
the  permanently  occupied  Mir  com- 
plex, now  in  its  eighth  year  of  operation. 
Once  docked  to  the  station's  front  port, 
the  cosmonauts  use  a "space  crane"  to 
remove  one  of  Mir's  four  side-mounted 
research  modules.  After  parking  it  out 
of  the  way,  they  extract  a new  module 
(loaded  with  a year's  worth  of  life- 
support  provisions)  from  the  shuttle's 
cargo  hold  and  link  it  to  the  empty  port, 
The  removed  module,  loaded  with  sev- 
eral tons  of  completed  experiments, 
space-processed  materials  and  crew 
equipment  in  need  of  diagnosis  and 
repair,  is  then  inserted  into  the  empty 
space  in  the  cargo  bay  and  fastened 
securely 

While  this  Is  going  on,  three  of  the 
passengers  change  places  with  the 
long-term  Mir  crew  that  has  just  fin- 
ished a 26-month  orbital  marathon.  The 
other  three  shuttle  passengers  help 
out  with  the  transfer.  One,  a doctor,  per- 
forms the  latest  zero-G  checkups  on 
the  old  crew.  Another,  the  USSR's  (and 
the  world's)  first  journalist  in  space, 
conducts  interviews  and  takes  photo- 
graphs to  document  the  occasion.  The 
last  passenger  is  chief  Soviet  space 
designer  Konstantin  Feoktistov,  6B, 
making  an  on-site  inspection  of  the 


The  prototype  “Buran11  vehicle  awaits 
its  first  launch.  \ 


The  X-30;  Making  space  flight  routine 


results  of  his  bureau's  handiwork. 

The  two  spacecraft  are  linked  for  less 
than  12  hours  before  the  shuttle,  which 
alone  weighs  as  much  as  the  six- 
module  Mir,  casts  off.  A few  hours  later 
it  plunges  back  into  the  atmosphere  for 
a fiery  descent  across  the  Middle  East 
toward  the  miles-long  runway  in  Soviet 
Central  Asia,  close  to  the  launch  point. 
The  landing  is  entirely  on  autopilot,  with 
the  cosmonauts  ready  to  take  over  or 
make  adjustments  only  if  needed. 

Aboard  Mir,  the  new  crewmen 
inspect  their  attached  Soyuz  TM-28 
capsule  and  prepare  to  receive  a new 
supply  ship  of  the  Progress  series. 
These  spacecraft,  launched  on 
expendable  rockets,  have  been  in  use 
since  the  1970s  and  will  continue  sup- 
porting the  Mir  through  the  end  of  the 
century,  even  with  the  shuttle  now 
operational. 

Plans  for  using  the  Energiya  heavy 
booster  and  the  new  shuttle  fleet  to 
launch  and  assemble  the  USSR’s  Mir-2 
super-station  are  given  a major 
impetus  by  this  success  (both  NASA 
and  the  USSR  are  planning  to  assem- 
ble nearly  identical  stations  in  the 
second  half  of  the  decade)  Domestic 
Soviet  criticisms  of  the  twenty-billion- 
dollar  shuttle  program  finally  grow 
muted  as  it  becomes  apparent  that  the 
money  has  already  been  spent,  and 
that  the  vehicles  could  actually  provide 
benefits  to  many  different  sectors  of 
the  ongoing  Soviet  space  program. 

To  the  relief  of  Western  observers, 
none  of  the  intended  missions  appears 
military  in  nature,  which  coordinates 
nicety  with  the  American  cessation  of 
secret  Pentagon  shuttle  missions. 
Once  again,  rivalry  between  the  United 
States  and  the  Soviet  Union  has 
spurred  both  nations  on  to  activities  in 
space  that  are  far  more  ambitious  than 
either  would  have  attempted  in  the 
absence  of  foreign  competition.  Coor- 
dination and  small-scale  cooperation 
continue  to  grow,  but  the  "Space  Race" 
is  once  again  in  full  swing. 

— James  E.  Oberg 


General  dynamics 


The  National 
Aerospace  Plane 

Dhere  has  never  been  an  air- 
plane like  this  one.  Long, 
slender  and  pointed,  it  is  no*  larger  than 
a medium-sized  airliner,  yet  the  tiny 
wings  protruding  from  its  fuselage  will 
carry  it  to  speeds  30  times  faster  and 
altitudes  25  times  higher  than  any 
passenger  jet.  A narrow  belt-like  band 
surrounds  part  of  the  underside  close 
to  the  rear— all  we  see  of  the  engines. 

This  is  the  X-30,  America’s  bid  to  fulfill 
the  long-cherished  dream  of  turning 
space  flight  into  something  as  routine 
as  flying  cross-country.  The  “National 
Aerospace  Plane,”  as  the  X-30  also  is 
called,  is  built  to  zoom  directly  into 
space  from  a runway  orbit  the  Earth 
and  return  for  a smooth  touchdown, 
ready  to  fly  again. 

But  on  its  first  test  flight,  in  1994,  it 
does  no  such  thing.  As  the  pilot  works 
his  engine  controls,  a spear  of  nearly 
colorless  flame  stabs  out  the  back.  The 
plane  accelerates  rapidly  but  then  the 
sound  and  fire  die  out  as  the  X-30 
brakes  to  a stop  on  the  long  runway. 
This  is  a taxi  test,  the  most  basic  kind 
for  any  aircraft.  After  several  such  tests 
will  come  the  first  flight,  which  will  sim- 
ply circle  the  runway  and  land  again.  It 
will  take  dozens  of  flights  and  two  years 
of  testing  before  the  pilots  point  that 
long  nose  skyward,  climbing  at  an 
angle  far  steeper  than  that  of  any  air- 
liner, on  a direct  ascent  into  space.  And 
when  the  X-30  reaches  orbit,  it  will  mark 
the  beginning  of  the  post-shuttle  era  of 
spaceflight. 

That  era  will  be  open  to  a number  of 
nations,  whose  engineers  are  now 
addressing  a fundamental  question: 
What  combination  of  technologies  will 
give  the  lowest-cost  and  most  effective 
space  transportation?  The  space  shut- 
tle uses  rockets  only,  but  rockets  are 
limited  in  performance,  making  the 
shuttle  difficult  and  expensive  to 
operate. 

The  National  Aerospace  Plane  pro- 
ject. by  contrast,  pushes  technology  to 
the  limit  by  building  the  most  advanced 
airplane  designers  can  conceive.  Its 
engines  cannot  be  tested  properly 
even  in  the  highest-speed  wind  tun- 
nels. Its  aerodynamic  shapes  will  be 
determined  by  the  world's  most  power- 
ful supercomputers,  and  it  will  be  made 
of  materials  only  slightly  past  the  labo- 
ratory stage. 


And  for  all  this,  the  X-30  won't  even 
be  the  prototype  of  an  operational 
craft.  Instead,  it  will  prove  out  tech- 
nologies for  a follow-on  project,  which 
will  lead  to  operational  spaceplanes 
after  the  year  2000. 

Other  nations'  vehicles  may  fly  ear- 
lier than  the  X-30's  successor  by 
relying  on  rocket-like  engines  with  just 
enough  new  technology  added  to 
make  them  less  costly  than  the  shuttle. 
Germany’s  proposed  two-stage  Saen- 
ger  spaceplane  is  such  a hybrid;  a 
prototype  could  make  its  first  demon- 
stration flights  by  the  end  of  the 
century  According  to  current  plans, 
Saenger’s  first  stage  would  then  be 
modified  for  use  in  a super-fast 
passenger-carrying  airliner  sometime 
after  2000. 

Japan  and  Britain  (whose  Hotol,  or 
"Horizontal  Takeoff  and  Landing" 
spaceplane,  is  now  being  pursued 
entirely  with  private  funds)  both  are 
developing  "air-breathing"  rocket 
engines,  which  gulp  air  from  the  atmo- 
sphere in  the  early  part  of  a flight, 
reducing  the  need  to  carry  fuel.  The 
Japanese  have  announced  ambitious 
plans  for  an  aerospace  plane  similar  to 
the  American  version,  with  a projected 
first  flight  in  2006. 

But  the  X-30  is  likely  to  be  the  world’s 
first  true  spaceplane,  the  one  that  will 
show  the  way  for  all  others  to  come. 

— TA.  Heppenheimer 


Exploring  Jupiter’s  mini-“Solar  System”. 


Galileo  Returns  to  Jupiter 

nhe  first  major  outpost  in  the 
vast  realm  known  as  the  outer 
Solar  System  is  the  "gas  giant"  Jupiter, 
orbiting  at  a mean  distance  of  482  mil- 
lion miles  from  the  Sun.  Jupiter  isn’t  just 
a single  large  planet;  it's  the  master  of  a 
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First  in-space  tests  of  Tethered  Satellite  Sys- 
tem for  deploying  and  retrieving  satellites  on 
a 60-mile-long  wire  “tether" 

First  in  a series  of  International  Microgravity 
Laboratory  Spacelab/shuttle  missions  to 
study  materials  and  life  sciences 

First  “Spacehab"  commercial  facility  provides 
added  laboratory  space  in  shuttle  cargo  bay 
for  paying  customers 

Upper  Atmosphere  Research  Satellite 
launched  by  shuttle  to  begin  long-term  study 
of  Earth’s  atmosphere  and  climatic  effects 

Jupiter-bound  Galileo  spacecraft  has  close 
encounter  with  asteroid  Gaspra 

Planned  first  demonstration  of  World  Space 
Foundation’s  privately  funded  “solar  sail’  in 


International  Space  Year  begins,  coordinating 
worldwide  projects  such  as  “Mission  to 
Planet  Earth’ 

First  launch  of  NASA’s  new  space  shuttle 
orbiter 

Japan’s  home-grown  H-2  rocket  makes  first 
test  flight 

First  Industrial  Space  Facility— a commercially 
developed  free-flying  laboratory  for  space 
experiments- reaches  orbit 

Japanese  “Geotail"  and  NASA  “Wind"  space- 
craft kick  off  international  program  to  study 
solar-terrestrial  physics 

Mars  Observer  spacecraft  launched  toward 
the  Red  Planet  atop  Titan  booster 

NASA  Search  for  Extraterrestrial  Intelligence 
(SETI)  program  scheduled  to  begin  advanced 
search  for  alien-  radio  signals 
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complex  “miniature  solar  system”  of 
four  large  moons,  at  least  twelve 
smaller  satellites,  a band  of  icy  rings 
and  a powerful  magnetic  field  that 
influences  an  immense  region  of 
space  filled  with  electrically  charged 
particles, 

Four  previous  reconnaissance  mis- 
sions—two  Pioneer  spacecraft  and 
two  Voyagers— gave  us  many  new 
details  about  the  Jupiter  system,  but 
these  quick  fly-bys  couldn't  provide  the 
in-depth,  long-term  measurements 
needed  to  resolve  some  basic  ques- 
tions, Nor  could  they  focus  on  the  many 
new  questions  their  discoveries  raised. 

Galileo  will.  The  Galileo  mission  to 
Jupiter,  set  for  launch  in  October  1989, 
is  by  far  the  most  sophisticated  and 
thorough  expedition  ever  sent  to  the 
outer  Solar  System,  It  consists  of  a 
probe,  which  will  penetrate  deep  into 
Jupiter's  turbulent  atmosphere,  and  an 
orbiter  vehicle  that  wilt  study  the 
planet,  its  magnetic  domain  and  its 
four  major  satellites — lo,  Callisto, 
Ganymede  and  Europe— for  nearly 
two  years. 

Since  the  Jupiter  system  in  some 
ways  resembles  the  early  Solar  Sys- 
tem. Galileo  may  help  us  understand 
what  happened  when  the  planets 
began  to  form  about  4.6  billion  years 
ago.  Most  important  is  the  opportunity 
to  study  Jupiter  over  time.  Scientists 
will  have  the  luxury  of  investigating 
questions  as  they  occur,  rather  than 
waiting  years  for  the  arrival  of  another 
spacecraft, 

Galileo  will  be  launched  from  the 
shuttle  in  Earth  orbit.  Because  its 
attached  Inertial  Upper  Stage  rocket 
lacks  the  energy  for  a direct  boost  to 
Jupiter,  "gravity  assists'1  from  Venus  (in 
February  1990)  and  from  Earth  itself  will 
be  used  to  give  the  spacecraft  enough 
energy  to  reach  its  destination. 

Following  the  Venus  fly-by  and  first 
pass  of  Earth,  Galileo  will  be  in  a loop- 
ing solar  orbit  that  will  take  it  past  the 
asteroid  Gaspra  in  October  1991,  for 
our  first  close  investigation  of  one  of 
these  small  bodies.  After  a second 
Earth  encounter  (in  December  1992), 
the  spacecraft  will  finally  have  gained 
enough  energy  to  send  it  toward  its 
rendezvous  with  Jupiter  in  December 
1995. 

One  hundred  and  fifty  days  before 
arrival,  the  probe  will  separate  from  the 
orbiter  and  head  straight  for  the  giant 
planet.  The  orbiter's  path  will  then  be 
adjusted  so  that  it  can  receive  and 
relay  data  from  the  probe's  seven  sci- 
entific instruments  during  the  hour  or 
so  that  they'll  be  inside  Jupiter's 


atmosphere. 

About  four  hours  before  closest 
approach,  the  orbiter  will  pass  the  vol- 
canic moon  lo  at  a distance  of  about 
600  miles.  Shortly  afterward,  the  probe 
will  plunge  into  Jupiter’s  swirling 
clouds,  taking  data  on  temperature, 
pressure  and  chemical  composition 
before  its  signal  is  lost  in  the  crushing 
atmosphere. 

With  the  probe  experiment  ended, 
the  orbiter  will  ease  into  a long,  looping 
orbit  around  Jupiter.  During  the  next  22 
months  it  will  circle  the  planet  ten 
times,  making  a close  approach  to  one 
of  the  four  large  moons  during  each 
orbit,  and  studying  the  entire  Jupiter 
system  in  much  greater  detail  than  ever 
before.  On  each  orbit,  gravitational 
tugs  from  the  satellites  will  adjust  the 
spacecraft's  flight  path. 

Galileo's  advanced  cameras,  spec- 
trometers and  other  instruments  will 
greatly  improve  our  knowledge  of  the 
Jupiter  system,  while  returning  a 
"bonus”  of  data  on  Venus,  the  Earth  and 
Moon,  and  the  asteroids.  What  this  two- 
year  expedition  tells  us  about  one 
"miniature  solar  system"  should  also 
advance  immeasurably  our  under- 
standing of  the  formation  and  evolution 
of  planetary  systems  in  general. 

— Ctayne  M,  Yeates 


Mission  lo  Planet  Earth 

nhe  headlines  tell  only  part  of 
the  story.  A thinning  of  the 
Earth's  ozone  layer  over  Antarctica, 
Rising  carbon  dioxide  levels  in  the 
atmosphere.  Massive  deforestation  in 
tropical  areas.  In  the  late  twentieth  cen- 
tury, we  humans  are  changing  our 
environment,  perhaps  irreversibly,  in 
ways  that  we  don't  yet  fully  understand. 
Sometime  during  the  fall  of  1996,  a 
Titan  4 launch  vehicle  will  lift  off  from  a 
launch  pad  in  California,  carrying  with 


It  the  largest  civilian  satellite  ever 
placed  by  the  United  States  into  polar 
orbit.  A few  months  later,  another, 
smaller  satellite  will  be  launched  on  top 
of  an  Ariane  booster  from  the  European 
Space  Agency's  base  in  French 
Guiana. 

These  two  spacecraft— the  NASA 
Polar  Orbiting  Platform  1 and  ESA's 
Polar  Orbiting  Platform— will  kick  off 
"Mission  to  Planet  Earth,11  an  exciting 
new  era  of  Earth  observation  from 
space.  If  the  rest  of  the  program  is 
approved,  they'll  be  joined  within  five 
years  by  two  more  polar  orbiters  and 
five  research  satellites  in  high  geos- 
tationary orbit  Other  satellites,  like  the 
planned  Tropical  Rainfall  Monitoring 
Mission,  would  also  be  part  of  this  com- 
prehensive study  of  our  home  planet. 

We’ve  sent  weather  satellites  and 
Earth-viewing  sensors  into  space  for 
decades— how  is  Mission  to  Planet 
Earth  different?  A long-term  interna- 
tional program,  it  will  run  for  fifteen 
years;  some  coordination  of  data  and 
projects  has  already  begun.  The  mis- 
sion's strategy  is  to  use  a fleet  of 
satellites  with  a wide  range  of  instru- 
ments to  study  the  Earth  as  a whole— 
in  much  the  same  way  that  spacecraft 
have  explored  other  planets  in  the 
Solar  System,  but  in  much  greater 
detail. 

Mission  to  Planet  Earth  will  study  the 
oceans,  the  land,  the  polar  regions  and 
the  atmosphere  so  that  scientists  can 
learn  more  about  the  complex  relation- 
ships that  make  up  the  overall  global 
system.  The  goal  is  to  establish  a 
"baseline”  against  which  changes  in 
that  system  can  be  measured,  and  to 
develop  the  ability  to  predict  future 
changes. 

A new  generation  of  advanced 
remote  sensing  technology  is  being 
developed  to  help  carry  out  this  learn- 
ing process.  Each  of  the  two  polar 
platforms— large,  raft-like  satellites 
with  room  for  mounting  many  different 
sensors— will  have  a total  mass  of 
about  26,000  pounds.  Each  one  will 
carry  up  to  twenty  scientific  instru- 
ments. and  will  be  capable  of  "seeing” 
more  of  the  spectrum  than  any  prev- 
ious Earth-viewing  satellites. 

These  will  be  the  most  sophisticated 
and  capable  civilian  remote  sensing 
spacecraft  ever  flown.  The  devel- 
opment of  new  technology  for  Mission 
to  Planet  Earth  isn't  restricted  to  the 
satellites,  however.  Instruments  on  the 
platforms  will  produce  unprecedented 
amounts  of  data,  and  a large  part  of  the 
challenge  is  to  develop  a data  handling 
and  distribution  system  so  that  scien- 
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tists  all  over  the  world  can  have  access 
to  the  information  that  floods  in  from 
space. 

Given  its  global  scope,  Mission  to 
Planet  Earth  is  likely  to  have  the  most 
participants  of  any  International  space 
project  ever.  Europe  and  Japan  are 
contributing  spacecraft  and  instru- 
ments, and  scientists  all  over  the  world 
wifi  be  involved  in  ground-based 
measurement  and  analysis. 

As  far  as  we  know,  the  Earth,  with  its 
water  and  its  biology,  is  unique  We  live 
in  it,  we  depend  on  it — and  we  have  the 
power  to  alter  it.  NASA  Administrator 
James  Fletcher  neatly  summarized  the 
great  value  of  Mission  to  Planet  Earth 
when  he  said,  "Humankind  is  now  a 
critical  part  of  Earth's  system,  and  It's 
clear  we’ve  still  got  a lot  to  learn  about 
how  to  be  a constructive  part  of  that 
system/’  — Peter  Backfund 


Space  Station  Freedom 

or  all  our  great  accomplish- 
ments in  space  over  the  last 
30  years,  we've  only  begun  to  tap  its 
real  potential.  We’ve  been  visitors  to 
Earth  orbit,  not  residents,  and  that  part- 
time  status  has  severely  limited  our 
ability  to  reap  the  harvest  of  benefits 
that  space  affords. 

In  1996,  we  will  establish  a permanent 
human  presence  in  orbit  with  the 
activation  of  a fully-equipped  interna- 
tional space  station  called  Freedom, 


"Human  presence” — those  are  key 
words.  Automated  satellites  are  mar- 
vels of  technology  but  they  are  simply 
machines,  and  no  machine  has  yet 
been  invented  that  can  match  human 
perception,  logic,  dexterity  and 
creativity.  Space  station  Freedom  will 
permit  scientists  themselves  to  con- 
duct experiments  in  orbit,  instead  of 
entrusting  their  work  to  remotely  oper- 
ated machines.  Whereas  the  space 
shuttle  can  stay  in  orbit  for  only  about 
ten  days  at  a time,  the  station  offers  a 
permanently  occupied  laboratory  with 
an  abundance  of  electrical  power. 
Freedom's  solar  arrays  will  produce  75 
kilowatts  of  power  in  their  initial  config- 
uration, more  later  That  compares  to 
only  21  kilowatts  for  the  shuttle,  two- 
thirds  of  which  is  used  up  by  the 
spaceplane's  own  systems. 

Aside  from  its  "habitation  module11— 
which  includes  a kitchen,  shower  and 
enough  bunk  space  for  eight  people— 
the  station  will  have  three  large 
laboratory  modules  supplied  by  the 
United  States,  Europe  and  Japan,  each 
one  bigger  than  a transit  bus.  Scientific 
instruments  also  will  be  attached  to  the 
station's  large  supporting  mast,  while 
another  free-flying,  human-tended 
pressurized  laboratory  will  be  in  a 
nearby  orbit  that  can  be  reached  from 
the  station.  The  combined  accommo- 
dations of  the  Freedom  complex- 
which  also  includes  two  "platforms”  of 
instruments  in  orbit  around  the  Earth’s 
poles— are  equivalent  to  a large  fleet 
of  satellites. 

Space  Station  Freedom  will  provide 
a "hands-on"  research  environment 


Opposite:  Ocean  chlorophyll  distribution  as  seen  from  space.  Above:  Space  station 
I Freedom,  a permanent  outpost  in  orbit 


Planned  first  tests  of  X-30  prototype  vehicle 
for  the  U.S.  National  Aerospace  Plane 

Gravity  Probe  B,  an  experiment  to  test 
Einstein's  theory  of  relativity,  launched  Into 
Earth  orbit 

Soviet  “Mars  1994”  mission  launched,  with 
lander/ rover  vehicle  and  French  balloon 
experiment  onboard 

Soviet  space  shuttle  achieves  full  operational 
status  by  carrying  cosmonaut  crews  and 
cargo  to  orbit  (early  to  mid-1990s) 


19  9 5 

Assembly  of  NASA/ international  space  station 
Freedom  begins  in  Earth  orbit;  U.S.  labora- 
tory module  allows  “human-tended” 
experiments  by  end  of  year 

Advanced  X-Ray  Astrophysics  Facility 
launched  as  the  third  of  NASA’s  "Great  Obser- 
vatories” in  Earth  orbit 

Europe’s  advanced  Ariane  5 launch  vehicle 
makes  first  test  flight  from  new  launch  pad  in 
French  Guiana 

Galileo  arrives  at  Jupiter,  starts  two-year 
intensive  study  of  the  giant  planet  and  moons 

NASA's  proposed  Comet  Ben dezvous/Aste raid 
Flyby  (GRAF)  mission  heads  toward  a rendez- 
vous with  Comet  Kopff  in  2000 

U.S,  Lunar  Observer  begins  investigating 
Moon's  surface  from  lunar  polar  orbit  (pro- 
posed mission  for  mid-  to  fate-1990s) 
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that  can’t  be  matched  in  any  Earth 
facility:  near-  zero  gravity,  near-perfect 
vacuum  and  a vantage  point  for 
looking  "down”  at  Earth  or  “out”  to 
study  the  universe  free  of  atmospheric 
distortions. 

For  the  near  term,  it  will  serve  as  a 
laboratory  for  advancing  basic  sci- 
ence and  technology:  monitoring 
Earth's  resources;  solar  and  galactic 
astronomy:  and  medical  research, 

As  the  station  evolves,  it  will  become 
an  orbiting  port  where  satellites  can  be 
brought  for  servicing,  repair  and  re- 
launching. Freedom  will  provide  a con- 
struction base  for  assembling  space 
structures  too  large  for  the  shuttle  to 
carry  in  one  trip,  and  may  also  serve  as 
a depot  for  storing  payloads  and 
garaging  the  space  tugs  that  will  travel 
between  low  and  high  Earth  orbit.  And 
when  humans  begin  heading  out  for 
the  Moon  and  other  planets,  Freedom 
will  be  their  way  station,  like  the  base 
camp  for  a mountain  climb. 

The  space  station — now  scheduled 
to  begin  construction  in  orbit  in  1995 — 
represents  a highly  visible  opportunity 
for  the  United  States  to  demonstrate 
renewed  space  leadership,  while  at  the 
same  time  entering  into  a multi- 
national partnership  of  unparalleled 
scope. 

The  station  rs  not,  in  itself,  a goal; 
rather,  it  is  a stepping  stone  that  will 
make  possible  the  dramatic  voyages  of 
exploration  contemplated  for  the  21st 
century.  — Don  Fuqua 


n’ 

A New  Super- Booster 

n November  1967  America 
watched  its  first,  and  so  far 
only,  "heavy  lift11  launch  vehicle,  the 
Saturn  5,  roar  into  space.  Built  to  carry 
about  100  tons  of  payload  into  low  Earth 
orbit,  the  Saturn  5 sent  astronauts  to 
the  Moon  and  launched  our  first  space 
station,  Sky  tab,  in  1973. 

And  then— nothing.  When  NASA 
decided  to  develop  the  space  shuttle, 
it  abandoned  the  Saturn  5 altogether 
Today  the  shuttle,  America’s  largest 
existing  launcher,  carries  less  than 
one-quarter  of  Saturn  5’s  payload.  The 
Air  Force's  new  Titan  4 has  only  one- 
fifth  of  Saturn’s  lift  capacity, 

Most  experts  agree  that  if  the  United 
States  expects  to  send  people  to  Mars 
or  to  place  a large  number  of  massive 
scientific  or  military  payloads  into  orbit, 
it  will  have  to  develop  a new  heavy-fift 


The  ALS:  More  lift,  less  cost. 


vehicle.  Any  new  launcher  also  will 
have  to  cost  less  and  be  more  reliable 
than  our  current  fleet. 

That’s  just  what  the  Air  Force/NASA 
Advanced  Launch  System  (ALS)  Pro- 
gram was  set  up  to  create— a reliable, 
low-cost  heavy-lift  booster  Because 
the  nation’s  current  throwaway  rockets 
trace  their  origins  to  the  missiles  that 
launch  nuclear  warheads  from  silos 
and  submarines,  they  were  designed 
to  provide  high  performance  in  a 
minimum  package.  Cost  was  second- 
ary. The  ALS  goal,  however,  is  to  reduce 
the  cost  of  a space  launch  from  about 
$3,000  to  $300  per  pound. 

In  order  to  cut  costs  to  the  bone,  ALS 
program  managers  are  starting  with  a 
"clean  sheet  of  paper’1  and  looking  at 
the  entire  launch  process— 
manufacture,  launch  operations  and 
spacecraft  deployment— for  potential 
reductions.  The  program's  managers 
hope  to  take  advantage  of  new  ad- 
vances in  computer  technology  and 
information  processing,  including 
computer  integrated  manufacturing, 
paperless  management  and  artificial 
intelligence  for  launch  preparation, 

For  now,  the  ALS  program  is  still  in  the 
study  and  test  phase;  no  one  has 


begun  yet  to  build  hardware.  If  future 
military  and  civilian  requirements  man- 
date a heavy-lift  launch  vehicle,  ALS 
managers  say  they  can  test  the  first 
copy  by  1998.  Because  it's  looking  for 
flexibility,  the  ALS  team  is  working  on  a 
whole  range  of  "space  trucks"  to  carry 
payloads  weighing  from  40  to  100  tons. 

The  ALS  program  is  even  taking  aim 
at  the  high  cost  of  space  cargo  itself. 
Current  boosters  severely  restrict  the 
weight  of  the  payloads  they  carry  into 
orbit,  causing  engineers  to  use  expen- 
sive manufacturing  techniques  to 
come  in  under  weight;  some  space- 
craft cost  as  much  as  $60,000  per 
pound . ALS  managers  figure  that  a 
cheap  superbooster  will  relax  these 
restrictions  and  lead  to  much  less 
expensive  spacecraft. 

But  the  ability  of  the  ALS  program  to 
meet  its  cost  goals  depends  directly 
on  a high  demand  for  launch  services. 
If  the  government’s  civilian  and  military 
space  programs  continue  at  their  cur- 
rent moderate  pace,  and  if  private 
demand  for  launch  services  fails  to 
increase  markedly,  there  will  be  little 
need  for  an  Advanced  Launch  System, 

In  that  event,  some  NASA  officials 
argue,  the  United  States  might  be  bet- 
ter served  by  building  the  heavy 
launcher  that  NASA  has  proposed. 
Dubbed  wShuttle-C”  (for  cargo),  the 
concept  is  based  on  shuttle  technol- 
ogy, and  could  carry  40  to  75  tons  into 
low  Earth  orbit.  Because  Shuttle-C 
uses  relatively  expensive  technology 
and  launch  operations,  it  would  be 
much  more  costly  than  the  ALS. 

It  also  would  be  a lot  cheaper  to 
develop,  however,  and  might  be  ready 
four  to  five  years  earlier.  Further  the  risk 
of  Shuttle-C  exceeding  its  cost  and 
schedule  estimates  is  much  lower  than 
with  the  untried  ALS,  which  would  push 
the  state  of  the  art  in  launch  design. 

— Ray  A.  Williamson 
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Returning  Samples  of  Mars 


as  life  ever  existed  on  Mars? 

How  difficult  will  it  be  to  send 
people  to  its  surface  and  return  them 
safely  to  Earth?  Are  there  resources  on 
the  Red  Planet  that  we  can  use  to  sus- 
tain a human  presence?  These  are 
among  the  questions  that  await  the  out- 
come of  a Mars  Rover/Sample  Return 
mission,  currently  on  NASA's  drawing 
board  for  the  end  of  this  century. 

Mars  has  always  fascinated  mam 
kind  — its  reddish  color  and  periodic 
brightening  make  it  particularly  dis- 
tinctive in  the  night  sky.  But  it  was  the 
Martian  "canals11  that  stimulated  the 
human  imagination  most;  earlier  this 
century,  many  people  believed  they 


were  clear  evidence  of  civilization. 

We  know  now,  of  course,  that  the  can- 
als were  imaginary  yet  our  fascination 
with  Mars  continues,  We’ve  learned 
from  spacecraft  observations  that  it's 
an  extraordinary  planet,  a geological 
wonderland  with  huge  volcanoes, 
deep  canyons  and  enormous  dry  river 
beds.  And  while  the  present  climate  is 
rather  forbidding  and  inhospitable  to 
life,  in  the  distant  past— when  life 
began  on  Earth— conditions  on  our 
home  planet  and  Mars  were  very  simi- 
lar. Did  life  originate  on  Mars,  then  fail 
as  climatic  conditions  changed?  One 
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way  to  find  out  is  to  go  there,  collect 
samples  and  return  them  for  analysis. 

The  main  interest  in  sending  robots 
to  bring  back  pieces  of  Mars,  however, 
is  to  pave  the  way  for  human  explora- 
tion. Inevitably,  Mars  will  be  the  first 
planet  beyond  the  Earth  to  be  visited 
by  humans.  Before  we  embark  on  this 
journey,  we  ll  want  to  test  the  necessary 
technology  with  unmanned  robots. 
Well  need  to  practice  rendezvous 
maneuvers  in  Mars  orbit  as  well  as 
techniques  for  "aerobraklng"  space- 
craft in  the  atmosphere,  and  we'll  need 
to  gain  experience  in  moving  around 
on  the  surface. 

We  ll  also  need  to  know  if  Mars  pres- 
ents hazards  to  humans.  WeVe  learned 
from  the  Viking  spacecraft  that  the 
Martian  soil,  unlike  that  on  the  Moon,  is 
chemically  reactive.  What  materials 
should  we  use  in  life  support  sys- 
tems—spacesuits,  for  example—  to 
ensure  the  safety  of  the  first  explorers? 

Several  ways  of  doing  a Mars  Rover/ 
Sample  Return  mission  are  being 
studied.  With  the  launch  vehicles  cur- 
rently in  development,  two  launches 
would  be  required:  one  for  the  rover, 
another  for  the  ascent  vehicle  that  will 
lift  the  samples  off  the  Martian  surface. 

Most  likely,  the  rover  will  touch  down 
first  It  will  wander  across  the  surface, 
testing  the  ability  to  travel  on  Mars, 
examining  the  terrain,  analyzing 
accessible  materials  with  a variety  of 
instruments  and  collecting  samples. 

Some  time  afterward,  the  ascent 
vehicle  will  land  next  to  the  rover 
(possibly  guided  by  a beacon),  and  the 
rover  will  deliver  Its  samples  to  the 
ascent  vehicle.  After  liftoff  from  Mars, 
the  sample  carrier  will  rendezvous  with 
an  Earth-return  vehicle  circling  in  Mars 
orbit  and  transfer  the  Martian  materials 
for  launch  back  to  Earth.  The  rover  left 
on  the  surface,  will  continue  its 
exploration, 

A mission  this  compfex  presents 
many  technical  challenges.  Radio 
signals  take  as  long  as  20  minutes  to 
get  from  Earth  to  Mars,  effectively  rul- 
ing out  interactive  human  control. 
Tasks  such  as  driving  around  on  the 
surface,  picking  up  samples,  perform- 
ing on-the-spot  analyses  and 
rendezvousing  in  Mars  orbit  will  need 
to  be  automated,  subject  to  only  occa- 
sional commands  from  Earth. 

Nevertheless,  we  believe  we  can 
overcome  the  technical  obstacles.  By 
the  end  of  the  century,  we  should  have 
the  first  pieces  of  another  planet  in  our 
hands,  which  will  set  the  stage  for  more 
ambitious  human  expeditions  to  Mars 
in  the  next  century.  — Michael  H.  Carr 


19  9 6 

Attachment  of  "habitability’'  module  to  space 
station  Freedom  allows  orbiting  base  to  be 
permanently  occupied 


U S.  and  European  remote  sensing  "plat- 
forms" launched  into  polar  orbit  as  part  of 


“Mission  to  Planet  Earth" 


Japanese  HOPE  (H-2  Orbiting  Plane) 
unpiloted  mini-shuttle  makes  first  test  flight 
atop  H-2  booster 

Plan  ned  launch  of  Vesta,  a European /French/ 
Soviet  mission  to  study  several  different 
comets  and  asteroids 

Proposed  launch  of  U,  S./European  Cassini 
mission  to  explore  Saturn  and  its  moon  Titan 


19  9 7 

Japanese  Experiment  Module  and  European 
"Columbus'’  laboratory  module  attached  to 
space  station  Freedom 

Soviet  advanced  “Mir  2"  space  station 
becomes  operational  in  Earth  orbit 
(mid-to-late  1990s) 


19  98 

Space  shuttle  crews  complete  assembly  of 
space  station  Freedom  in  Earth  orbit 

Mars  Rover/Sample  Return  mission  launched 
to  gather  samples  of  Martian  rock  and  soil 
and  return  them  to  Earth 

Europe's  Man-Tended  Free-Flyer  launched  as 
a small  orbiting  laboratory  associated  with 
space  station  Freedom 

Proposed  first  test  of  U.S.  Advanced  Launch 
System  “heavy  lift"  rocket  for  military  and 
civilian  use 

First  test  flight  of  French  Hermes  mini-shuttle 
on  an  Ariane  5 booster,  in  unpiloted  mode 
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The  ultimate  library  of 
bound  in  genuine  leather, 
Including  editions 
Isaac  Asimov,  Ray 


The  Definitive  Library  of  Science  Fiction. 

The  Masterpieces  of  Science  Fiction  is  being  created 
with  the  active  participation  of  today's  greatest 
science -fiction  writers.  Three  of  these  writers  — 
Isaac  Asimov,  Ray  Bradbury,  and  Frederik  Pohl  — 
will  each  sign  his  greatest  masterwork! 

Others  — including  James  Gunn,  Foul  Anderson, 
Philip  Jose  Farmer,  Robert  Silverberg,  Gregory 
Benford,  Brian  Aldiss,  Jack  Williamson,  and  C J, 
Cherryh  — have  agreed  to  write  the  introductions 
to  favorite  works  by  their  fellow  authors.  Ail  of 
these  writers  and  more  are  helping  to  make  this 
the  definitive  science -fiction  library  l 


\ ■'Mni 





Behold  ...  the  ultimate  library  of  science  fiction!  For  the  first 
time,  the  greatest  masterpieces  by  the  greatest  science-fiction 
writers  will  be  issued  in  luxurious  leather-bound  editions. 

Timeless,  towering  works  of  the  imagination,  that  invite  you 
to  explore  new  worlds,  encounter  strange  phenomena,  enter- 
tain new  possibilities.  For  the  first  time  all  these  masterpieces 
will  appear  in  fine  collector's  editions.  Permanent,  leather- 
bound  editions  to  be  treasured  ...  and  to  be  read  again  and 
again  — truly  a collection  that  has  been  long  overdue. 

A complete  collection  — from  the  Originators 
to  the  most  recent  Award  winners! 

The  Masterpieces  of  Science  Fiction  will  comprise  the  entire  history 
of  the  genre.  The  library  will  include  heirloom  editions  of 
works  by  Jules  Verne,  H.G.  Wells,  Edgar  Rice  Burroughs,  and 
Sir  Arthur  Conan  Doyle,  Superb  editions  from  the  inventors 
of  science  fiction,  classics  from  the  1940's  and  1950's,  as  well 
as  many  recent  award  winners. 

There  will  be  splendid  editions  of  Arthur  C Clarke's  2001 : A 
Space  Odyssey  ...  Fred  Hoyle's  The  Black  Cloud  ...  Robert  A, 
Heinlein's  Stranger  in  a Strange  Land  ...  Ursula  K,  Le  Guin's  The 


Dispossessed.,.  John  Brunner's  Stand  on  Zanzibar...  Sam  Del  any 's 
The  Einstein  Intersection  ...  Frank  Herbert's  Dune  ...  and  Roger 
Zelazny's  This  Immortal.  Many  of  the  works  included  have 
received  the  Hugo  Award,  the  Nebula  Award...  or  both!  These 
are  the  highest  honors  in  science  fiction! 


Personally  signed  editions  of  today's  most 
celebrated  science-fiction  classics! 

Recognizing  the  importance  of  this  collection,  three  of  today's 
greatest  science- fiction  writers  will  hand-sign  their  greatest 
masterpieces  for  each  subscriber.  Isaac  Asimov  will  sign 


idence-fiction  classics  — 
with  accents  of  22kt  gold! 
personally  signed  by 
Bradbury  and  Frederik  Pohl! 


Advance  Reservation  Application 


The  Foundation  Trilogy.  Ray  Bra d bury , The  Martian  Chronicles, 
Frederik  Pohl,  Gateway. 

The  editions  themselves  are  masterpieces! 

Each  volume  will  be  fully  bound  in  genuine  leather  — spine, 
entire  front  cover,  and  entire  back  cover.  The  spine  will  be 
decorated  with  precious  22kt  gold.  Each  book  will  be  printed 
on  acid-free  paper  that  will  last  for  generations.  Pages  will  be 
gilded  along  all  three  edges  for  beauty  and  durability.  And 
each  volume  will  come  with  its  own  permanently  affixed  rib- 
bon page  marker.  Altogether,  these  will  be  among  the  finest 
leather-bound  books  available  anywhere. 

Convenient  acquisition  and  satisfaction  guaranteed! 

The  Masterpieces  of  Science  Fiction  will  be  available  only  by 
advance  reservation  directly  from  The  Easton  Press*  You  will 
receive  one  book  each  month  at  the  favorable  price  of  just 
$33*00  per  volume. 

Your  satisfaction  is  guaranteed:  you  may  return  any  volume 
within  30  days  for  a full  refund;  and  you  may  cancel  your 
subscription  at  any  time.  To  reserve  the  library,  simply  com- 
plete the  Reservation  Application  and  mail  it  today. 


MASTERPIECES  OF  SCIENCE  FICTION 

The  Easton  Press  No  Payment  Required. 

47  Richards  Avenue  We  will  bill  you. 

Norwalk,  Conn.  06857 

Please  enroll  my  subscription  to  The  Masterpiece s of  Science  Fiction.  Send  me 
the  first  volume  and  reserve  a collection  in  my  name.  Further  volumes  will 
be  sent  at  the  rate  of  one  book  per  month  at  $33.00*.  This  price  will  be 
guaranteed  to  me  for  the  next  two  full  years.  I need  send  no  money  now.  I 
will  be  billed  for  each  book  prior  to  shipment. 

I understand  that  I may  return  any  book  within  30  days  for  a complete 
refund  and  that  either  party  may  cancel  this  subscription  at  any  time. 

*Plus  $235  shipping  and  handling, 

□ Asa  convenience,  I wish  to  pay  for  my  first  volume  now.  I am  enclosing 
$33,00  (plus  $2,95  shipping  and  handling  - a total  of  $35,95**)  payable  to 
The  Easton  Press, 

□ Please  charge  each  monthly  shipment  to  my  credit  card,  starting  when 

my  first  volume  is  shipped*  □ VISA  □ MasterCard 


Card  Number  Expiration  Date 

Name 

Address 

City,  State Zip 

Signa  ture _ 

(AH  applications  subject  to  acceptance.) 

■"Qipmetf  rent  residents  pay  $33.65  to  include  sales  tax.  Please  allow  8 - 12  nxeks  for  delivery. 


Built  in  France,  named  fora 
Greek  god,  launched  in 
South  America,  this 
mini -shuttle  promises  to  put 
Europe  in  the  manned 
spaceflight  business  by 
the  millennium. 


BY  ROBERT  M.  POWERS 


Sunrise  over  the  Atlantic,  December 

5,  2000... 

As  the  Sun  line  sweeps  onto  the 
northeast  coast  of  South  America,  the 
blue  dawn  and  intensely  humid  trop- 
ical night  soften  into  day  at  the 
European  Space  Agency's  launch 
center  in  Kourou,  French  Guiana. 
Accompanied  by  a swarm  of  techni- 
cians, three  astronauts — one  each 
from  France.  Germany  and  Italy — - 
make  the  long  walk  to  the  waiting 
Hermes  spacepfane,  which  sits  atop  a 
fuming  Ariane  booster  rocket.  They  are 
bound  for  the  NASA/international 
space  station.  They  will  be  gone  from 
Earth  for  half  a year. 

About  three  miles  away,  the  "Le 
Toucan”  observation  pavilion  at  Kourou 
is  filled  with  journalists  from  all  over  the 
world.  Locals  call  it  a carbet,  the  equiv- 
alent of  a Guianan  collective  hut.  Le 
Toucan  used  to  be  a makeshift  cabin;  it 
is  now  a huge  circular  room,  filled  with  a 
dozen  monitor  screens,  courtesy  of  the 
public  relations  people. 

The  countdown  reaches  T minus  two 
minutes.  No  matter  how  many  times 
you  see  a launch  there  is  magic  about 
it.  The  memory  of  having  dreamed,  and 
dreamed  of  the  moment  when  we  leave 
the  Earth  for  somewhere  else,  must  lie 
very  deeply  buried;  it  is  not  a logical 
feeling  or  even  a straightforward  sub- 
conscious one.  It’s  back  in  the  mists  of 
some  prehistory,  but  you  feel  it  anyway. 


Across  the  pads  and  far  into  the  lurk- 
ing jungle,  the  press  announcer's  voice 
booms  the  final  seconds:  "fro/s*  .deux 
...un.,.Feur  Heavy  vibration  and  rum- 
ble. And  then  bang!  Ariane/Hermes 
lifts  off  the  pad.  Thirty  seconds  later, 
roaring  past  the  speed  of  sound,  the 
rocket  is  only  a high-flying  dot  trailed 
by  a disappearing  plume  of  exhaust 
smoke. 

Here  in  steamy  French  Guiana,  one 
onlooker  wonders  aloud  if,  in  some 
unfathomable  way,  the  soul  of  Wilfried 
de  Fonvielle  is  watching.  At  the  age  of 
eleven,  the  intrepid  French  boy  offered 
to  ride  Claud  Ruggieri's  rocket  a cen- 
tury and  a half  ago;  Claud  had  been 
launching  small  animals  to  low  alti- 
tudes and  returning  them  to  Earth  via 
parachute.  Alas,  young  Wilfried,  the 
first  astronaut-in-training,  never  got  his 
chance;  the  French  police  put  a stop  to 
the  experiment. 

It  is  hardly  a surprise  that  Europe  has 
been  developing  a strong  space  pro- 
gram all  along,  but  now  the  European 
Space  Agency  (ESA)  has  entered  a 
new  arena;  it  has  kicked  on  the  after- 
burners for  a well-designed  and  highly 
capable  manned  effort  centered  on 
the  Ariane  5 launcher  and  the  Hermes 
spaceplane. 

The  whole  manned  spaceflight 
package— Ariane  5,  Hermes,  the 
Columbus  orbiting  laboratory  and  data 
relay  satellites  to  help  the  system  func- 
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ALL  ART  ANO  PHOTOS'  EUROPEAN  SPACE  AGENCY 


The  European  view  is 
that  the  21st  century 
wilt  be  the  century  of 
space  development, 
and  they  have  no  inter* 
est  in  being  left  behind 
or  taking  a back  seat 
to  anyone. 


tion — is  incredibly  cheap;  each 
European  taxpayer  will  be  contributing 
about  ten  dollars  a year  to  the  manned 
space  program  by  1993,  a fraction  of 
what  the  Soviet  civilian  space  program 
costs  and  far,  far  less  than  the  Ameri- 
can or  Chinese  space  programs, 

The  European  manned  space  effort 
is  a massive  combination  of  talent, 
money,  a complex  but  very  cohesive 
political  mix,  and  a driving  energy  that 
is  very  reminiscent  of  the  halcyon  days 
at  NASA  before  and  after  the  lunar 
landing. 

The  heavy-lift  Ariane  5,  which  will 
eventually  be  able  to  boost  about  21 
metric  tons  into  a 300-mile-high  orbit, 
is  a derivative  of  France's  successful 
Ariane  series  of  launchers.  It  and  the 
Hermes  spaceplane  are  funded 
primarily  by  France,  Germany  and  Italy 
with  help  from  Belgium,  Austria, 
Denmark,  the  Netherlands,  Spain,  Nor- 
way, Switzerland,  Sweden  and  even 
Ireland,  (The  British,  citing  serious  mis- 
givings about  the  long-term  payback  of 
such  an  ambitious  program,  have 
refused  to  fund  anything  but  a small 
portion  of  the  Columbus  space  station 
module.) 

The  European  nations,  through  ESA, 
have  expressed  a near-unanimous 
political  will  to  secure  a complete, 
coherent  and  balanced  space  pro- 
gram. The  European  view  is  that  the 
21st  century  will  be  the  century  of 
space  development,  and  they  have  no 
interest  in  being  left  behind  or  taking  a 


back  seat  to  anyone. 

Headed  by  Professor  Reimar  Luest, 
ESA  has  had  extraordinary  support 
from  France's  minister  of  research  Alain 
Madelin,  and  Frederic  d’Allest,  director 
of  the  French  space  agency  CNES, 
None  of  these  three  top  leaders  of 
European  space  has  been  in  the  least 
naive  about  what  it  will  take  to  do  what 
they  plan:  "les  moyens  de  /’ambi- 
tion"—ambition  means  investment. 

The  ideas  and  basic  designs  for  the 
Hermes  spaceplane  have  existed  in 
France  for  more  than  twelve  years,  A 
full  scale  mockup  was  presented  at  the 
Paris  Air  Show  in  1985,  the  same  year 
that  ESA  finally  threw  the  switch  to 
design,  test  and  fly  Hermes  into  space. 
Development  of  the  Ariane  5/Hermes 
combination  was  formalized  during  a 
major  meeting  of  ESA  member  nations 
in  November  1987j  a gathering  which 
also  mapped  out  European  space  plans 
through  the  millennium. 

For  three  years,  the  spaceplane  has 
been  under  continuous  study  by 
engineers  at  the  French  company 
Aerospatiale,  the  project’s  lead 
industrial  contractor.  Since  last  April, 
they  have  been  working  hard  on  "phase 
1"  of  Hermes,  which  will  end  in  1990.  If 
all  goes  well,  ESA  will  give  the  green 
light  to  "phase  2”:  construction  of  two 
spaceworthy  vehicles. 

A first  launch  (unmanned)  is  pen- 
ciled in  for  summer  1998,  with 
astronauts  to  climb  aboard  in  early 
1999.  It's  a timetable  that  may,  if  any- 


thing, be  somewhat  conservative. 

One  of  the  program's  main  objec- 
tives is  to  service  ESA's  Man-Tended 
Free  Flyer  (MTFF)  orbital  platform  dur- 
ing six-day  missions.  But  Hermes  also 
will  be  able  to  rendezvous  and  dock 
with  planned. and  existing  Soviet  and 
American  space  stations,  and  with  the 
Columbus  pressurized  module,  It  will 
make  two  flights  annually  and  have  an 
operational  lifetime  of  about  15  years. 
And  it  can  be  used  for  rescue  of  either 
Soviet  or  American  astronauts,  if  that's 
what  everyone  agrees  to. 

According  to  Bernard  Deloffre  of 
Aerospatiale,  who  has  been  associ- 
ated with  space  programs  and  space 
engineering  for  a quarter-century,  the 
design  of  Hermes  both  directly  and 
indirectly  involves  the  American  space 
shuttle. 

The  direct  involvement  has  to  do  with 
the  docking  mechanism  NASA  pro- 
poses for  the  international  space 
station.  It  is  sized  for  the  American  shut- 
tle (Philippe  Couillard,  director  of 
manned  spaceflight  at  CNES  candidly 
calls  the  mechanism  "unwieldy,  heavy 
and  a monster"),  so  some  compromise 
solution  is  needed. 

Since  Hermes  may  also  link  up  with 
the  Mir  space  complex,  the  docking 
adapter  design  must  be  worked  out 
with  the  Soviets  as  well.  “We  have  not  to 
date  received  clear  specifications  as 
to  how  the  docking  plate  will  be  con- 
structed for  the  Soviet  station,"  says 
Deloffre.  “It  is  a difficulty  for  us  today  as 
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Launched  on  top  of  an  Ariane  5 booster,  Hermes  will 
be  able  to  carry  crews  to  a space  station  (below}  or 
dock  with  a “Man-Tended  Free-Flyer”  automated  lab* 
oratory  in  orbit  (left). 


we  try  to  finalize  the  Hermes  design, 

"But  our  primary  mission/1  he  adds. 
Is  to  dock  with  the  MTFF  and  reach  the 
attached  pressurized  module  which  is 
the  European  part  of  the  international 
space  station.  Within  those  perform- 
ance guidelines,  if  we  are  also  able  to 
attach  to  the  other  space  stations,  it 
would  be  nice.11 

A less  direct  American  influence  on 
the  Hermes  design  resulted  from  the 
Challenger  accident,  even  though 
Deloffre  and  the  other  engineers  at 
Aerospatiale  had  been  working  on  the 
problem  of  crew  safety  long  before 
January  1986. 

“We  had  designed  an  extractor 
stage  located  in  the  adapter  between 
Hermes  and  the  launch  vehicle.”  he 
says.  "The  Challenger  disaster 
focused  everyone's  attention  on  crew 
safety.  We  realized  that  the  extractor 
concept  had  a drawback:  it  assumed 
that  the  spaceplane  was  intact,  wings 
and  everything.  In  an  accident  this 
might  be  so — and  it  might  not." 

The  present  plan  to  incorporate  an 
ejectable  escape  capsule  is  quite  dif- 
ferent from  any  Soviet  or  American 
concepts.  It  is  designed  to  be  used  at 
any  time  during  the  first  two  minutes  of 
flight  (up  to  Mach  7 and  around  30 
mites  altitude),  and  it  can  also  be  used 
during  re-entry  within  the  same  limits. 

There  is  considerable  argument 
among  the  European  astronauts  over 
the  need  for  an  escape  capsule,  but 
French  spationaute  Patrick  Baudry 


who  has  both  flown  in  the  U.S.  space 
shuttle  and  trained  in  the  Soviet  pro- 
gram (see  page  38),  simply  says  that 
"no  spacecraft  is  ever  completely  safe. 
We  are  basically  test  pilots;  we  Know 
the  risks/' 

Germany's  Ernst  Messerschmid, 
who  spent  seven  days  in  orbit  during  a 
shuttle/Spacelab  mission  three  years 
ago.  remarks  that  the  additional  weight 
of  the  escape  module  eliminates  "one 
astronaut  and  part  of  the  payload 
capacity/’  His  Spacelab  partner 
Rheinhard  Furrer  echoes  Baudry;  "We 
are  taking  risks.  We  do  so  with  our  eyes 
open.11 

Despite  the  negative  comments  by 
the  astronauts  who  potentially  will  fly 
Hermes,  the  crew  escape  capsule  is 
presently  a fixed  part  of  the  space- 
plane  program.  Aerospatiale's  Deloffre 
points  out  that  studies  have  shown 
three  astronauts  can  do  all  the  tasks 
required,  so  it  is  not  just  the  weight  of 
the  escape  module  that  has  reduced 
crew  size  from  the  four  that  originally 
were  planned. 

"And  for  another  thing,”  adds 
Philippe  Couillard  of  ONES,  "the  public 
would  never  forgive  us  for  making  the 
same  mistake  as  the  Americans  ten  or 
twelve  years  later!" 

Aerospatiale  engineers  are  now  con- 
centrating on  developing  a successful 
Hermes  design,  but  they  also  are  con- 
sidering the  21st  century  with  wide 
open  eyes  and  ideas.  "We  are  looking 
at  horizontal  take-off  launchers  for 


future  generations  of  Hermes," 
Deloffre  explains.  “And  while  we  don't 
want  to  duplicate  things  that  are  done 
somewhere  else — if  the  USA  operates 
a vehicle  like  the  orblter,  why  would  we 
develop  something  which  performs 
the  same  types  of  missions  — we  can 
develop  something  which  is  com- 
plementary for  the  future." 

However  brilliantly  designed,  Hermes 
will  be  of  little  use  without  the  Ariane  5 
booster  rocket,  which  differs  totally 
from  its  forerunners.  In  three  different 
configurations,  it  will  enable  Europe  to 
launch  satellites  into  high  orbits,  lift 
hefty  space  station  components  and 
carry  Europeans  into  space  aboard 
Hermes, 

"Compared  with  our  role  for  previous 
Ariane  versions,  we  are  in  a fresh 
dimension/'  says  Pierre  Lacau,  direc- 
tor of  launcher  programs  for  Aero- 
spatiale. "Ariane  5 is  expected  to  carry 
extremely  expensive  hardware  into 
space.  Its  reliability  must  be  improved 
by  an  order  of  magnitude  over  any 
previous  Ariane..  . after  all,  it  will  carry 
Hermes.  It  is  a much  more  sophis- 
ticated and  complex  design  because 
of  this.  It  is  very  difficult." 

The  philosophy  behind  the  devel- 
opment of  the  Ariane  5 also  is 
important.  “Looking  at  the  American 
shuttle  program/'  says  Lacaur  “you  see 
a very  complicated  system.  It  costs  a 
lot  of  money  to  launch  a shuttle  with  six 
or  seven  astronauts  on  a week-long 
continued  on  page  48 
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Of  the  200  people  or  so  who’ve  flown 
in  space,  only  one  has  been  " inside " 
both  the  Soviet  and  U.S.  programs: 
Patrick  Baudry,  a French  test  pilot  who 
flew  as  a guest  astronaut  on  shuttle 
mission  51-G  in  1985,  after  having 
trained  as  a backup  for  fellow 
countryman  Jean-Loup  Chretien’s  fight 
onboard  the  Soviet  Salyut  7 space 
station  in  1982. 

Today  the  42  year-old  Baudry  heads 
the  development  effort  for  Europe’s 
planned  Hermes  spaceplane  (see 
page  34).  Recently,  contributing  editor 
Robert  M.  Powers  caught  up  with  the 
"spationaute  ” during  one  of  his  frequent 
trips  to  Houston. 

Final  Frontier:  You’ve  trained  both 
with  the  Soviets  in  Star  Town  and,  of 
course,  in  Houston  with  the  American 
space  program.  Jean-Loup  Chretien 
said,  sometime  back,  that  he  felt  he 
was  being  treated  more  or  less  as  a 
passenger  by  the  Soviets.  Someone 
else  told  me  a terrible  story  about  how 
you  and  Chretien  had  been  left  at  the 
NASA  gate  for  a whole  day  the  first  time 
you  went  there.  Can  you  give  us  a brief 
personal  description  of  the  differences 
you  see  in  training  for  the  two  space 
programs? 

Baudry:  It’s  difficult  [to  say].  In  fact, 
Jean-Loup  did  not  train  in  Houston, 
because  NASA  trains  only  the  crew, 
and  Chretien  was  not  part  of  the  crew. 
So  he  didn’t  get  any  training. 


From  my  point  of  view,  I think  in  Hous- 
ton you  have  the  best  of  what  you  can 
imagine  in  the  space  business.  The 
space  shuttle,  to  me,  is  an  extraordi- 
nary vehicle,  certainly  the  best  space 
vehicle  ever  built.  So  I have  a great 
respect  for  the  people  here  working  on 
this  system. 


A French  astronaut 


talks  about  the 


Americans,  the  Soviets 


and  the  proper  wine 
for  space  travel. 


But  it’s  true  that  when  we  came,  we 
were  not  particularly  welcomed.  At 
NASA  there  are  two  tendencies:  one 
which  says  the  [shuttle]  is  an  American 
spacecraft,  so  it’s  not  normal  to  give  a 
place  to  somebody  else,  and  the  other 
tendency,  which  says,  “okay,  we  have  a 
beautiful  spacecraft,  and  it’s  a good 


thing  we  can  share  a bit  of  it  with  other 
countries.” 

But  you  don’t  have  to  judge  the  whole 
[NASA]  community  because  part  of  it 
had  bad  behavior.  I spent  a year  [in  the 
United  States].  I have  very  good 
friends.  I made  a beautiful  flight — all 
sorts  of  experiments— and  it  worked 
perfectly. 

The  difference  is  that  the  shuttle  is  a 
vehicle  with  five-,  six-  or  seven- 
member  crews.  And  the  Soyuz  and 
Hermes  have  only  three-member 
crews.  So  the  way  of  organizing  the 
schedule  and  the  work  during  launch, 
ascent,  rendezvous,  etc.,  is  different, 
because  a three-member  crew  works 
in  a completely  different  way  from  a 
five-  or  eight-member  crew. 

Aboard  the  shuttle  you  can  have 
passengers,  people  who  don’t  have 
any  task  related  directly  to  the  shuttle 
system.  That’s  the  first  time  in  space 
history. 

Final  Frontier:  Does  the  training 
itself  differ  greatly  between  the  Soviet 
space  program  and  the  American? 

Baudry:  In  fact,  the  concentration 
for  a flight  is  the  same  for  the  crew  in 
Houston  as. in  Star  City.  But  there  are 
some  differences.  In  Russia  you  have 
much  more  physical  training  than  in 
Houston.  The  American  astronauts 
organize  their  physical  training  them- 
selves, but  in  Star  City  we  had  a lot  of 
continued  on  page  59 
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”We  Have  Liftoff!” 


lion,  and  astronaut  Bob  Crippen,  now 
NASA's  Deputy  Director  for  Shuttle 
Operations.  When  the  launch  reaches 
its  critical  endpoint,  at  T-minus-9  min- 
utes, it's  Crippen  afone  who  will  give  the 
final  go/no-go  decision.  My  group  in 
Firing  Room  2 includes  teams 
responsible  for  the  shuttle’s  main 
engines,  ice  inspection,  personnel 
safety  and  other  systems.  Between  the 
two  nerve  centers,  some  350  individu- 
als are  at  their  consoles. 

Mindful  of  “firing  room  discipline/' 
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my  PAC  team  members  and  I plug  into 
the  network  with  some  apprehension.  I 
half  want  to  offer  up  a joke  to  my  co- 
workers just  to  calm  the  moment,  but  I 
pass  up  the  urge  when  1 notice  a firing 
room  veteran  from  the  Gemini  days  sit- 
ting next  to  me. 

The  best  way  to  picture  what  goes  on 
inside  the  firing  room  at  launch  time  is 
to  divide  the  shuttle  up  into  its  major 
components:  solid  rockets,  fuel  tank 
and  the  orbiter  vehicle  itself.  Then 
break  these  up  into  their  major  parts, 
and  assign  each  one  a team,  a console 
and  an  individual  radio  channel  on  the 
net.  Most  consoles  have  computers 
and  video  monitors  for  viewing  specific 
parts  of  the  shuttle,  weather  radar  and 
even  gauges  in  remote  places  on  the 
launch  pad 

My  own  job  is  to  monitor  the  where- 
abouts and  safety  of  all  personnel  out 
on  the  pad  who  are  preparing  Dis- 
covery for  liftoff.  Using  video  monitors 
and  radios,  the  three  of  us  on  the  PAC 
team  log  the  position  of  everyone  on 
the  pad  after  the  shuttle  is  loaded  with 
hazardous  fuels.  In  an  emergency,  we 
must  relay  the  last  known  positions  of 
all  personnel  back  to  the  Test  Director 
and  to  safety  and  rescue  teams.  We 
also  track  the  positions  of  the 
astronauts  right  down  to  the  moment  of 
liftoff. 

As  I sit  at  my  console  in  these  pre- 
dawn hours,  I can't  help  but  be 
impressed  by  the  history  and  astonish- 
ing amount  of  experience  all  around 
me.  I adjust  the  volume  of  my  console 
headset,  knowing  that  veterans  of 
every  program  from  Mercury  to  the 
shuttle  will  be  listening.  The  test  team  is 
an  exquisitely  tuned  machine,  and  mis- 
takes tend  not  to  go  unnoticed. 

Like  a true  neophyte,  I practice  my 
little  setpiece  as  I dial  onto  the  network. 
The  simple  one-liner  is  supposed  to 
be,  "Personnel  Accountability  Console 
manned  and  ready  to  support."  What 
actually  comes  out  is  "ready  to  provide 
service." 

Fortunately,  Test  Director  Frank  Mer- 
lino,  himself  a veteran  of  all  previous 
shuttle  launches,  had  discussed  my 
“freshman"  status  with  me  the  day 
before.  Ever  the  professional,  Merlino 
immediately  senses  my  anxiety  and 
smooths  the  awkward  moment  with  a 
pleasant  “Good  morning.” 

As  my  team  sets  about  monitoring 
the  launch  pad  workers,  an  eerie  image 
appears  on  one  of  our  color  monitors. 
The  crew  that  looks  for  dangerous  ice 
formations  on  the  frigid  external  tank  is 


Once  aloft,  Discovery’s  tourist- 
astronauts  photographed  Earth  scenery 
like  the  Hawaiian  Islands. 


on  the  uppermost  level  of  the  launch 
platform.  In  the  glare  of  the  pad  lights,  a 
heavy  layer  of  freezing  mist  from  the 
vehicle  and  its  supercooled  tanks 
swirls  around  them.  As  the  orange- 
suited  members  of  the  Ice  Team  pene- 
trate the  mist.  I remark  to  someone  that 
this  chilling  image  is  more  dramatic 
andcompellingthanany  I've  eve  r see  n, 
even  in  science  fiction. 

The  countdown  continues  through 
the  steamy  Florida  dawn.  The 
astronauts  are  awake  now,  having 
breakfast.  Soon  they'll  board  a van  for 
the  20-minute  drive  to  Pad  39B. 

The  tempo  of  launch  operations 
starts  to  pick  up.  Merlino  assigns 
“working  groups,”  allocating  each  one 
a separate  channel  to  discuss  their 
business  independently  before  report- 
ing to  the  team  as  a whole.  With  a little 
practice.  I can  switch  mentally  be- 
tween these  conversations  amid  the 
buzz-a  peculiar  form  of  active  listen- 
ing. It's  during  this  period  that  a sense 
of  teamwork,  even  kinship,  emerges.  In 
the  firing  room,  there  is  absolutely  no 
“me" -it's  only  the  team  that  has  any 
real  meaning. 

As  the  sky  lightens,  the  console 
operators  occasionally  stand  up  to 
restore  circulation,  then  quickly  sit 
back  down.  No  eating,  drinking  or 
smoking  is  allowed  in  the  firing  rooms, 
so  we  greet  enthusiastically  the  roll  of 
breath  mints  someone  smuggles  down 


the  row  at  sunrise:  breakfast! 

The  astronauts  finally  arrive  at  the 
pad.  Inside  Discovery,  several  close- 
out technicians  are  setting  and 
checking  switches  prior  to  launch.  A 
member  of  the  close-out  crew  once 
confessed  that  they're  sometimes 
called  “GBA's,"  or  Ground  Bound 
Astronauts,  because  they  know  the 
shuttle  systems  as  well  as  anyone.  It's 
no  secret  that  most  of  the  workers  at 
Kennedy  would  gladly  accept  a ride  on 
any  shuttle,  any  time. 

This  is  an  interesting  way  to  follow  a 
launch,  and  it's  nothing  like  the  dozens 
of  others  I've  watched  on  television. 
Even  with  my  knowledge  of  the  system 
and  the  countdown  procedure,  I have 
to  filter  a lot  of  information  to  synthesize 
the  overall  view.  In  the  firing  room,  we 
have  no  idea  what  the  world  is  being 
told  of  the  launch  progress.  When  high- 
altitude  winds  force  a countdown 
"hold,”  we  catch  it  in  bits  and  pieces  as 
we  work  at  our  own  stations. 

Finally,  as  we  prepare  to  emerge  from 
the  last  built-in  hold  at  T-minus-9  min- 
utes, it  really  hits  us:  Discovery  is  going 
to  go!  Just  before  picking  up  the  count- 
down, quarterback  Merlino  polls  all  the 
major  consoles-the  management 
team,  engineering,  safety  and  others. 
In  one  incredibly  brief  moment,  this 
vote  of  the  launch  team  members  cul- 
minates everything  accomplished 
during  the  past  32  months  of  recovery. 
The  work  of  a whole  agency  and  a pres- 
idential commission,  endless  engi- 
neering sessions  and  a library  of  docu- 
ments are  sealed  in  the  simple  words  of 
the  firing  room  teams:  “We  are  go.” 

I can  see  out  the  firing  room's  spa- 
cious windows  that  a cloud  bank  is 
building  over  the  ocean.  I quickly 
switch  one  of  our  idle  monitors  to  the 
Operational  Television  System  weather 
circuit.  The  radar  paints  an  approach- 
ing rain  storm.  I know  this  count 
probably  won't  tolerate  any  additional 
holds:  as  the  final  minutes  tick  away,  I 
hope  that  after  all  we’ve  gone  through, 
Discovery  wins  its  race  with  the  rain. 

The  count  approaches  T-minus-60 
seconds.  Merlino  coolly  checks  off 
each  event  mandated  by  “Sue  Seven," 
the  document  numbered  “S0007"  that 
lists  with  maddening  precision  all  the 
p rocedu  resthatmakeupacou  ntdown. 
Any  problems  now  will  be  handled 
moment  by  moment,  as  time  is  sub- 
divided into  ever  smaller  fractions  by 
the  computers.  Soon  the  machines  will 
take  over  the  count  entirely,  as  the 
continued  on  page  62 
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The  loneliness  of  the  long  distance  space  traveler 


DIAJKY 

COSMONAUT 


The  Saiyut  7 space  station  was  still  brand 
new  in  May  1982,  when  Soviet  cosmonauts 
Valentin  Lebedev  and  Anatoliy  ("Toiia") 

Berezovoy  boarded  it  to  begin  an  orbital 
endurance  test  that  was  to  last  more  than 
200  days.  Their  record-setting  flight 
included  a full  schedule  of  experiments  in 
astrophysics , Earth  observation,  plant 
growth  and  materials  processing , The  cos- 
monauts also  conducted  a spacewalk  and 
played  hosts  to  two  different  Soyuz  "guest1" 
crews.  But  each  time  the  visitors  left t it  was 
just  Lebedev  and  Berezovoy  alone  again , 
for  seven  months  in  a small  room , 

Despite  regular  radio  and  video  " com- 
munications sessions " with  the  Flight  Control  Center  (FCC) 
and  with  their  families,  friends  and  well-wishers  on  the 
ground t ffte  cosmonauts  were  acutely  aware  of  their  struggle 
to  maintain  an  even  balance  with  their  own  moods  and  with 
each  other 

These  selections  from  Lebedev's  daily  diary  which  were 
recently  published  for  the  first  time  in  English,  show  his  great 
candor  and  willingness  to  write  " everything  just  as  it  hap- 
pened, as  I saw  it,  as  f felt  it  and  understood  it" 

July  II 

We  don't  understand  what's  going  on  with  us  We  silently 
walk  by  each  other,  feeling  offended.  We  have  to  find  some 
way  to  make  things  better 

Yesterday  I struggled  the  whole  day  with  the  Oazis  / plant 
growth  experiment],  Toiia  asked  me,  J'Whyare  you  putting  up 


with  this  thing?  Why  don’t  you  just  tell  the 
engineers  to  shove  it,  if  it  was  made  so 
poorly?" 

I replied  that  it's  useless  to  get  on  their 
nerves  and  try  to  blame  them  for  things  they 
can’t  correct  now.  It  would  be  easier  for  me 
to  repair  it.  So  I did. 

Today  I began  to  doubt  my  chances  of 
completing  the  long  flight.  They  say  that 
doubt  is  the  beginning  of  failure.  Maybe,  for 
some  people.  But  for  me,  to  doubt  is  to 
search  for  different  ways  to  succeed,... 

Today  is  Fishermans  Day,  We  received  a 
radio  telegram  "From  the  mariners  of  the 
northern,  southern  and  far  eastern  seas.  We 
are  sending  best  wishes  to  Anatoliy  Berezovoy  and  Valentin 
Lebedev  in  conducting  the  experiments  of  the  World  Ocean 
Research  program.  We  express  our  thanks  to  you  for  ail  the 
help  you've  provided  to  our  fleet.-  Deputy  Minister  Bystrov/' 
At  the  end  of  the  day  at  10  p.m.P  we  watched  the  final  soccer 
game  of  the  world  championship,  Italy  vs.  West  Germany, 
3 2... 

July  13 

] didn't  sleep  the  whole  night  long.  A palpitation  How  sen* 
sstive  I am!  I got  up  earlier  than  usual  and  began  to  unload 
the  resupply  ship  [a  Progress  automated  spacecraft,  which 
had  just  docked  with  the  station].  This  time  ft  had  been 
loaded  properly.  I opened  a hatch  and  looked  for  letters,  but 
there  were  none  from  Lusia  [Lebedev’s  wife].  There  was  only 
one  letter  to  Toiia,  and  it  was  an  old  letter  dated  the  28th  of 


By  Valentin  Lebedev 
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June.  I was  upset.  I was  looking  forward  so  much  to  letters 
from  home.  I asked  the  Ground  where  they'd  put  them.  They 
told  us  that  the  letters  were  in  the  eighth  container  on  the 
bottom  of  the  resupply  ship.  They  probably  loaded  it  this  way 
on  purpose  so  that  we  would  finish  unloading  quickly. 

We  unloaded  while  listening  to  music  from  Earth:  "Riabina 
Kurtchavaya  (Leafy  Mountain  Ash)’’  and  “Rassvetaly  Yab- 
lony  l Grushi  (Apples  and  Pears  Were  Blooming)."  By  the  end 
of  the  day  we  had  finally  reached  the  eighth  container  and 
had  almost  completely  unloaded  Progress,  but  there  were 
no  letters.  We  were  quite  upset.  We  drank  tea  and  ate  apples 
before  going  to  sleep.  Lusia  sent  us  Tula's  [a  town  in  Russia] 
prianik  (honey-cakes)  and  had  signed  each  of  them  with 
good  wishes.  We  ate  some  tomatoes  and  a lemon  they'd  also 
sent.... 

July  22 

....During  the  day.  on  the  TV  report,  we  wished  a happy 
50th  anniversary  to  the  Adigei  Autonomous  Republic.  Tolia 
was  born  there.  It’s  amazing  how  everything  turns  out  in  your 
life:  several  years  ago  I had  been  in  the  Adigei  Republic  and 
stopped  in  Enem,  a small  village.  I never  thought  that  I would 
fly  into  space  with  a guy  from  that  village. 

We  worked  hard  the  whole  day.  but  we  enjoyed  it.  In  the 
evening  we  decided  to  do  some  work  with  the  elec- 
trophotometer. However,  due  to  the  small  viewing  angle,  we 
couldn't  recognize  a single  star  through  the  view-finder;  we 
cut  a piece  from  the  vacuum  cleaner  tube, 
attached  it  to  the  equipment,  and.  voila\  A 
view-finder! 

I exercised  a lot  on  the  velo-ergometer 
[exercise  machine],  which  was  on  its  fifth 
setting... which  is  like  riding  a bicycle  up  a 
hill.  I perspired  a lot.  The  sweat  doesn’t  drip 
down,  but  hangs  on  my  forehead  and  wig- 
gles like  a jellyfish  as  I move. 

Up  here  we  eat  apples  and  tomatoes  tike 
on  Earth.  The  station  is  a mess- bags  with 
pieces  of  equipment  hang  in  the  scientific 
equipment  compartment,  the  intermediate 
chamber  is  packed  with  regenerators  and 
absorbers:  and  the  resupply  ship  is  also 
choked  with  regenerators  and  EDV  containers.  Only  the  con- 
necting compartment  looks  clean  and  spacious,  with 
nothing  extra  scattered  about. 

Inside  of  the  Oazis  wheat  is  growing  so  fast  that  you  can 
see  it  grow.  It's  so  interesting  to  see  how  it  grows;  this  is  life. 
Inside  the  second  vessel  the  pea  plants  are  just  beginning  to 
germinate. 

A funny  thing  happened  with  the  onion  bulbs  which  were 
sent  to  us  for  the  biological  experiment.  One  week  after  we 
were  supposed  to  plant  them,  a biologist  came  to  the  radio 
session  and  asked  us,  “How  are  the  plants  doing?" 

We  answered. 

’’What  about  the  onions?”  he  asked. 

We  told  him  the  onions  were  growing  well.  But  the  truth 
was,  that  as  we  were  unloading  the  resupply  ship,  we  found 
some  rye  bread  and  a sharp  knife.  How  very  considerate  of 


them.  So  we  ate  some  bread.  It  was  wonderful.  Then  we  saw 
the  onion  bulbs  we  were  supposed  to  plant.  We  couldn't 
resist;  we  ate  them  right  there  and  then,  with  bread  and  salt. 
They  were  delicious! 

Time  went  by  and  the  biologist  asked  us  again,  "How  are 
the  onions?" 

We  always  replied,  “They  are  growing." 

"Are  the  sprigs  long?" 

“Yes,  they  are,”  we  replied. 

Once  at  the  q uestion,  “ Do  th  ey  h ave  any  shoots  yet?”  with- 
out any  hesitation  we  replied  that  they  even  had  shoots. 

I heard  the  excitement  at  the  communication  station. 

Then  Tolia  whispered  to  me.  "Valentin,  the  shoots  are  the 
flowers  of  the  onion." 

Oh,  my  gosh!  One  can  easily  cause  a sensation  this  way. 
As  we  know,  onions  had  never  bloomed  in  space  before.  We 
asked  to  have  the  biologist  on-line  so  we  could  speak  to  him 
in  private. 

“For  God's  sake,”  we  told  him,  “Don’t  get  upset,  we  ate  all 
your  onions." 

What  could  we  do?  We  laughed,  and  promised  him  we’d 
plant  the  next  batch  of  onion. 

Tolia  told  me  that  we  have  to  fly  for  four  more  months,  I 
looked  at  him-he  became  very  quiet.  He  sank  in  thought 
Tomorrow  we  will  have  a physical;  the  doctors  will  give  us  a 
complete  check-up  before  the  spacewalk. 

July  23 

I slept  very  soundly,  and  even  though  it 
was  only  for  seven  hours,  I didn't  feel  sleepy 
when  I woke  up.  The  medical  examination 
began  early  in  the  morning  These  occa- 
sions didn't  excite  us  very  much. ...We  have 
to  sit  naked,  hooked  up  to  electrodes  and 
sensors,  among  cables  and  wires,  which 
float  like  sea  weeds,  and  wait  to  be  put  on- 
line. After  the  order  from  the  FCC  [Flight 
Control  Center],  we  can  warm  up  by  doing 
exercises  on  the  velo-ergometer,  set  up  with 
different  physical  loads. 

Sometimes  we  have  to  sit  in  a resting 
position  and  provide  the  ground  with  all 
twelve  EKG  parameters.  During  all  this  time  we  hang  in  the 
air,  shivering  from  the  chill. 

As  1 mentioned  earlier;  the  hardest  part  of  a prolonged 
flight  is  communication  with  ground  control.  Every  minute 
we  have  to  keep  ourselves  in  complete  control.  Different 
people  come  on-line  to  talk  to  us.  and  some  of  them  have 
forgotten  that  a person  in  space  is  always  busy  working, 
even  when  he  is  asleep.  Also,  when  different  people  come 
on-fine,  they  sometimes  show  their  emotions  through  the 
tones  of  their  voices  and  things  they  say.  Therefore,  inap- 
propriate words  or  jokes  can  put  us  off  balance  for  an  entire 
day.  In  general,  it  is  inappropriate  for  FCC  personnel  to  dem- 
onstrate their  bad  mood  to  the  crew  in  space. 

During  our  conversation,  a radio  commentator  asked  us, 
“What  does  a wet  cleaning  mean  on  the  station?" 

"Everybody  knows  what  that  means  at  home,”  we  replied. 
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Lebedev  (left)  and  Berezovoy  were  visited  twice  during  their  seven-month  stay  on  the  Salyut  station  (opposite  page).  Above: 
one  of  the  visitors,  Svetlana  Savitskaya,  snaps  a picture. 


In  the  household,  trash  collects  on  the  floor,  and  dust 
gathers  on  the  furniture.  Here  everything  floats:  dust,  pieces 
of  trash,  crumbs  of  food,  drops  of  juice,  ooffee  and  tea.  It  all 
ends  up  suspended  in  the  station,  with  most  of  it  collecting 
on  the  intake  grills  of  the  fans,  which  we  cover  with  cheese- 
cloth. This  way  we  collect  the  trash  in  weightlessness,  where 
everything  floats.  Then  we  roll  up  the  cheesecloth  napkins 
and  replace  them  with  new  ones. 

We  have  to  clean  our  station  regularly,  for  ourselves  as  well 
as  for  our  guests,  and  here’s  how  we  do  it:  we  have  some  wet 
napkins  with  katamine,  a special  detergent  with  good  scour- 
ing characteristics.  We  wipe  the  panels  with  the  napkins, 
also  the  table  where  we  eat  and  work,  hand-rails,  bars,  door- 
hatches,  surfaces  of  the  control  panel  and  pieces  of 
equipment.  Some  housewives  manage  to  do  this  every  day, 
but  we  do  this  only  once  a week 

Once  in  a while  we  have  to  do  a major  cleaning,  during 
which  we  vacuum  all  the  hard-to-reach  places  where  trash 
builds  up.  To  clean  them  we  have  to  open  up  ail  the  panels  so 
we  can  vacuum  the  bundles  of  cables,  pipes,  fan  grilles,  and 
the  dust-collectors  of  the  gas-liquid  heat  exchangers. 

Sometimes  we  find  things  we  thought  we  had  lost  forever. 
We  were  puzzled  about  how  things  ended  up  where  they 
did.  To  make  searching  easier,  we  use  a balloon:  if  some- 
thing disappears  we  release  the  balloon  and  watch  where  it 
goes,  and  there  we  look  for  the  lost  item.... 

September  1 

We  congratulated  each  other  on  this  very  special  day  for 


our  children,  the  beginning  of  the  new  school  year.  Yes,  it's 
true  that  this  day  Is  not  only  an  Important  day  for  our  children 
but  also  for  us  grown-ups.  Today  I suppose  we  all  remember 
our  childhood  and  school  years.  We  made  a TV  broadcast 
and  wished  all  children  a happy  September  1 

Now  lpll  tell  you  how  we  "walk"  here  on  the  station.  First  of 

all,  this  word  doesn't  quite  apply  here.  It  is  more  accurate  to 
say  we  fly  or  float  from  one  place  to  another  We’ve  gotten  so 
used  to  It  that  we  can  fly  through  the  entire  station  from  the 
assembly  compartment  to  the  connecting  compartment, 
without  hitting  anything,  in  one  stroke.  .. Swimming  in 
weightlessness  is  lots  of  fun.  You  feel  a lightness  in  your  body 
which  you  can  control  easily.  You  know  the  distance  you  have 
to  cross  so  you  gauge  how  hard  to  push  We  swim  in  this 
huge  aerial  aquarium  of  a station  like  space  amphibians.  At 
night,  when  we  get  up  to  go  to  the  rest-room,  we  have  to  swim 
across  the  station  without  making  any  noise  so  we  don't  wake 
each  other  up.  We  slither  around  every  piece  of  equipment 
and  any  projecting  devices  ... 

....When  we  work  at  our  main  post,  we  only  have  two  little 
chairs  with  backs.  In  order  to  sit  in  them  without  floating  up, 
we  have  to  sit  backwards  on  them;  facing  the  backs  of  the 
chairs,  wrapping  our  feet  around  the  base,  and  holding  onto 
the  back  of  the  chair  with  our  hands.  We  have  grown  so 
accustomed  to  this  that  our  hands  and  feet  seem  to  find  their 
support  all  by  themselves  . ..Sometimes  our  body  positions 
become  so  outrageous  that  even  monkeys  couldn't  com- 
pete with  us. 

I looked  around  the  station  and  viewed  it  with  a different 
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attitude.  Now  I think  of  it  as  home.  The  whole  place  looks  so 
familiar.  Everything  in  it  is  so  near  and  dear  to  me  now.  When  I 
look  at  the  interior  of  the  station  I feel  no  alienation,  no  sense 
that  my  surroundings  are  temporary  or  strange.  Everything 
is  ours.  We've  touched  every  square  millimeter  and  object  in 
here.  We  know  exactly  where  every  piece  of  equipment  is 
mounted,  not  from  documentation,  but  from  memory.  Many 
little  details,  such  as  photographs  on  the  panels,  children's 
drawings,  flowers  and  green  plants  in  the  garden,  turn  this 
high-tech  complex  into  our  warm  and  comfortable,  if  a little 
bit  unusual,  home. 

October  5 

I woke  up  and  remembered  my  dream.  It  was  fun  that  I 
could  dream  of  something  like  this  I went  home  for  one  day 
and  was  supposed  to  return  to  space  the  next  day.  It  was 
wonderful  at  home.  Lusia  is  a great  cook;  Vitalik  (their  son] 
and  I call  her  “magic  tablecloth."  We  watched  TV  and  went  to 
bed.  In  the  morning  I overslept  and  almost  missed  my  bus  I 
arrived  to  see  the  rocket  on  the  left,  behind  the  barbed  wire 
fence.  It  seemed  ready  to  launch  any  minute.  I jumped  out  of 
the  bus  and  rushed  to  the  entrance. 

There  was  a group  of  youngsters  who  asked  me.  "Hey 
man,  are  you  a cosmonaut?" 

“No,  the  cosmonaut  is  that  military  man  in  the  bus,"  I yelled 
to  them  so  I wouldn't  lose  time  and  be  late.  I ran  through  the 
entrance  to  the  rocket. 

I heard  the  noise  behind  and  saw 
a group  of  children  run  after  me 
shouting,  “Hey  cosmonaut,  give  us 
an  autograph." 

Suddenly  there  was  a tremen- 
dous noise,  and  my  rocket  flew 
away.  I stood  there  surprised, 
thinking,  "What  will  Tolia  do  alone  up 
there?” 

I woke  up.  Tolia  sleeps  above  me. 

Everything  is  all  right.  I am  here  ... 

November  7 

The  65th  anniversary  of  the  Octo- 
ber Revolution.  We're  celebrating 
this  holiday  in  space.  While  we  were  above  the  Soviet  Union, 
we  watched  on  TV  the  Red  Square  parade.  I got  a chance  to 
wish  my  Lusia  a happy  birthday.  My  darling  wife,  she  talks  so 
sweetly  and  tries  to  cheer  us  up. 

We  left  the  visual  (communication]  zone,  and  the  station 
fell  silent.  Tolia  is  sitting  in  the  connecting  compartment, 
reading  I'm  thinking  about  running  on  the  treadmill 

We  decorated  the  station  with  balloons  and  hung  up 
Lenin's  portrait.  The  station  looks  festive  but  we're  just  not  in  a 
holiday  mood. 

Right  after  the  Red  Square  parade  our  families  came  to 
the  FCC.  Lusia  looked  so  beautilul.  Tolia's  son  Sereozha 
came  on-  line  first.  Vitalik  asked  me  to  ride  on  a balloon,  so  I 
sat  on  one  and  Tolia  pulled  me  along  with  a string.  The  kids 
were  happy. 


November  8 

I woke  up  early  this  morning  at  6 a.m.  Last  night  I went  to 
sleep  at  8 p.m.  I wanted  to  make  some  observation  of  the  Far 
East  but  couldn't  videotape  it  because  the  video  recorder 
doesn't  work, 

Absolute  silence  pervades  the  station.  I fetched  some 
caviar,  crab,  and  quail  meat  from  the  refrigerator  and  heated 
them  up.  The  Baikal  area  was  covered  with  snow  clear  out  to 
the  Far  East. 

The  shape  of  Lake  Zey  doesn't  match  the  one  we  have  on 
our  maps,  I don't  know  why. 

I kept  repairing  the  video  recorder.  Tolia  came  to  me  and 
said,  "I  apologize  for  yesterday."  He  meant  that  he  had  talked 
fora  long  time  with  his  family,  and  I had  only  a little  time  left  to 
talk  to  mine.  I didn't  answer  him.  but  just  handed  him  the 
video  recorder,  and  we  begin  our  repair  work,  We  wasted  the 
entire  day  on  it, 

November  II 

Brezhnev  died;  Columbia  is  launched  [on  the  U.S.  space 
shuttle's  fifth  flight];  and  Tolia  is  sick.  I woke  up  at  5 a.m.  and 
noticed  Tolia  wasn't  in  his  bed.  I poked  my  head  into  the 
working  compartment  and  saw  him  sitting  on  the  treadmill 
writhing  in  pain, 

I asked  him,  "What's  wrong?" 

"I  don't  know,  I don't  feel  well,  maybe  it's  something  I ate. 
My  left  side  hurts," 

An  hour  passed,  and  Tolia  was  still 
suffering.  I got  the  Biseptol  and 
activated  charcoal  from  the  first-aid 
kit  and  gave  them  to  Tolia,... When 
we  entered  the  Soviet  visual  zone,  I 
told  him,  "Tolia,  I can’t  keep  quiet 
any  longer,  I have  to  report  this  to  the 
FCC," 

He  agreed.  We  were  above  the 
Far  East,  and  the  communications 
session  wasn't  planned,  but  I went 
on-line, 

"This  is  Elbrus  [a  twin-peaked 
Soviet  mountain;  the  crew's  code 
name]  calling,  please  answer." 

An  operator  on  duty  in  Ussuriisk  came  on-line.  I asked  him 
to  connect  me  with  the  FCC.,  ., We  explained  what  happened 
and  left  the  visual  zone. 

During  the  next  communication  period,  at  eight  in  the 
morning,  I talked  with  Valera  [the  shift  doctor]  again.  He  told 
me  to  give  Tolia  an  injection  of  Atropine. 

For  the  first  time  in  my  life  I was  giving  someone  a shot. 

I took  a syringe,  removed  its  cap  and  said,  "Well,  Tolia.  give 
me  your  hip,  I’m  going  to  give  you  a shot.” 

“Valia,  be  very  careful."  I squeezed  half  of  the  needle  with 
my  fingers  so  the  whole  needle  wouldn't  go  in,  and  gave  him 
a shot.  Tolia  said  that  he  didn't  feel  anything.  One  hour  later 
he  felt  better, 

At  the  next  communication  session  a group  of  doctors 
came  on-line  and  tried  to  decide  whether  or  not  we  would 
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Space  flight  took  a physical  toll  on  the  cosmonauts,  shown  (opposite)  on  the  morning  after  their  return  to  Earth  and  (above) 
with  their  wives  and  Lebedev's  son  three  weeks  later*  In  space,  Lebedev  wrote,  “IVe  become  as  slender  as  a cypress, 
especially  in  my  legs,  which  look  like  those  of  a tadpole.1’ 


have  to  land.  It  was  terrible!  Ten  years  of  training,  and  just 
one  week  before  setting  a new  record,  we  might  have  to 
land..,. 

In  the  afternoon  Telia  felt  much  better  1 asked  him,  “Tolia, 
what  are  we  going  to  do?  It’s  our  decision  whether  or  not  to 
land.  We  ll  never  have  another  chance  to  set  this  record." 

Tolia  said,  u\  don’t  feel  that  bad  right  now." 

“Well,  in  that  case,  let’s  continue." 

I thought  to  myself,  if  worse  comes  to  worst,  we  can  always 
land  at  a moment’s  notice.  By  evening,  everybody  had 
calmed  down. 

Later  [cosmonaut  Valeriy]  Ryumin  came  on-line,  and  told 
us  that  at  7:16  pm,  the  American  shuttle  Columbia  would 
pass  below  us  about  80  kilometers  away.  We  were  in  shadow 
at  that  time,  so  although  we  looked,  we  couldn't  see  anything. 

November  28 

Two  hundred  days  in  space.  We  woke  up  late,  around 
noon,  and  began  to  take  inventory  in  the  working  com- 
partment. We  manufactured  an  alloy  in  the  Krista I furnace. 
The  remaining  days  we  will  spend  preparing  for  our  return. 

By  the  way,  we  have  a very  nice  pictu  re  hanging  on  the  wall 
of  our  station  It  was  painted  by  the  fellows  who  built  the 
station.  I feel  it  reflects  our  life  onboard  perfectly.  It  shows  a 
lonesome  cowboy  tied  to  a cross,  with  a gun  mounted 
above,  pointing  towards  him.  There  is  a string  tied  from  the 
trigger  of  the  gun  to  an  unmentionable  spot,  in  front  of  the 
cowboy  sways  a beautiful  naked  woman  torturing  him  with  a 
teasing  look.  In  the  background  stands  the  cowboy's  stallion 
with  sympathetic  tears  dripping  from  his  eyes,  because  he 
understands  his  master’s  dilemma.  In  some  ways  I think  we 
live  the  same  way  on  the  station,  unable  to  indulge. 

December  7 

What  a hectic  day!  I didn't  sleep  well.  I couldn't  fail  asleep 


for  a long  time  either.  Tolia  is  very  restless  as  well.  We 
crawled  into  all  the  corners  of  the  station  and  looked  for 
damage  to  the  structure,  rust  or  humidity.  We  vacuumed 
behind  the  panels  and  discovered  numerous  household 
items  and  parts  from  equipment,  which  had  been  sucked 
behind  the  panels. 

We  will  land  soon  and  are  worried  about  the  reception  the 
FCC  will  give  us;  will  they  be  satisfied  with  our  work? 

December  9 

We  are  anxious;  who  knows  why.  What’s  it  like  down  there? 
We  re  no  longer  accustomed  to  life  on  the  ground.  Our  lives 
are  attuned  to  this  small  island  in  space,  and  suddenly  here 
we  come,  back  to  the  Big  World!  We  don't  feel  comfortable 
with  the  idea. 

Time  to  sleep.  Tomorrow  we  will  go,  toward  Earth,  toward 
home... 

The  next  night  Lebedev  and  Berezovoy* s Soyuz  capsule 
landed  in  darkness,  tumbling  down  a snowy  hillside  in 
Kazakhstan,  118  miles  east  of  the  town  of  Dzhezkazgan. 
Freezing  and  shaken  inside  their  spaceship t they  awaited 
rescue  for  40  minutes . The  first  helicopter  to  spot  them 
crashed  on  approach,  but  its  commander  survived  to  warn 
away  any  second  be//copfer  attempt  during  the  bad  wea- 
ther Eventually  the  beleaguered  space  travelers  were  given 
temporary  refuge  in  a rugged  all-terrain  vehicle . The  next 
morning,  they  were  returned  to  the  launch  complex  at 
Baikonur,  but  were  too  weak  to  walk  without  assistance. 

Now  Lebedev  continues  to  work  at  the  spacecraft  design 
bureau  and  remains  a candidate  for  future  flights.  He  lives  in 
Moscow  with  his  wife  and  son.  □ 


Reprinted  by  permission  from  Diary  of  a Cosmonaut:  211 
Days  in  Space,  by  Valentin  Lebedev,  Translation  © 1988  by 
TheG.L.O  S.S.  Company, 
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“I  decided  to  write  everything  just  as  it  happened,  as  I saw  it,  as 
I felt  it,  as  I understood  it.  v.  Lebedev,  cosmonaut 


"In . . Diary  of  a Cosmonaut,  there- 
fore, we  share  one  man  s personal 
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has  been  the  major 
space  art  graphics 
distributor  for  over 
10  years.  We  also  carry 
works  by  other  top  names 
in  the  space  art; field.  We 
ship  promptly,  offer  a money- 
back  guarantee,  and  have  a 
toll-free  credit  card  order  line. 


Stunning  views  like  these  can  only  be  captured 
through  the  creations  of  space  artist  Kim  Poor. 
His  colorful  paintings  have  been  reproduced  in 
books  and  magazines  throughout 
America,  Europe,  and  the  USSR, 
poetically  illustrating  scientific 
fact  and  theory.  More  than 
20  of  Kim's  most  popular 
images  are  available  in 
collector  s editions, 
posters  and 
cards. 
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Hermes 

continued  from  page  37 

mission.  There  is  also  a lot  of  time  and 
money  tied  up  in  ground  stations  and 
ground  support." 

Lacau  faults  the  current  NASA  shut- 
tie,  born  of  political  and  budgetary 
compromise,  as  too  complicated  and 
sophisticated  for  many  of  its  missions. 
"We  think  that  to  launch  satellites  there 
is  no  need  for  man  to  be  present  in 
space  Really,  the  philosophy  of  Ariane 
5 and  Hermes  was  to  have  the  same 
vehicle  launch  all  the  automatic  pay- 
loads  without  man.  And  then,  when 
required,  launch  the  spaceplane  with  a 
few  astronauts  and  a small  cargo  that 
can  only  be  handled  or  used  in  a 
manned  flight.* 

He  points  out  that  the  Soviets'  new 
Energia  booster  is  designed  to  launch 
100  tons  to  low  Earth  orbit  in  automatic 
mode,  as  well  as  to  launch  the  Soviet 
version  of  the  space  shuttle. 

"The  Soviet  approach  has  the  bene- 
fit of  both  the  American  system  and  the 
European  idea,"  says  Lacau, 

The  first  components  of  Ariane  5 wilt 
be  assembled  at  the  launcher  integra- 
tion site  at  Les  Mureaux,  France.  The 
solid  rocket  boosters  will  be  assem- 
bled in  French  Guiana.  The  first  of  the 
new  Ariane  5 assemblies  won’t  roll  out 
until  1991,  and  the  whole  vehicle  will  not 
come  together  until  about  two  years 
later  In  1995,  the  first  unmanned  flights 
are  expected  to  begin  from  the  new 
ELA-3  launch  pad  in  French  Guiana. 

As  with  all  previous  Ariane  laun- 
chers, both  small  and  large-scale 
models  will  be  constructed  to  check 
out  the  system.  Much  of  this  work  will 
take  place  in  half  a dozen  countries  in 
Europe,  under  the  "fair  return11  princi- 
ple of  the  ESA. 

"The  rule  of  the  game/'  says  Pierre 
Lacau,  "is  that  each  country's  indus- 
tries will  receive  something  from  the 
country's  investment  in  space." 

But  economics  and  politics  will  take 
second  place  to  the  adventure  of 
spaceflight  when  Hermes  begins  to  fly 
in  a decade  or  so.  As  Bernard  Deloffre 
says,  "We  are  lucky  enough  in  Europe 
to  have  leaders  in  a position  to  make 
decisions  that  turn  into  space  pro- 
grams for  us.  In  humanity  you  need 
always  to  go  beyond  the  limits.  You 
want  to  know  what  is  beyond  the  lim- 
its.,. There  are  always  people  willing  to 
go  further  and  further.  You  cannot  stop 
that -ever."  □ 

Robert  Powers  most  recent  book  is 
Mars:  Our  Future  on  the  Red  Planet, 
published  by  Houghton  Miff  tin.  He 
wrote  on  the  Los  Alamos  National  Lab- 
oratories in  the  April  1988  issue. 
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Phobos  2 reaches  Mars 

The  Sovief  Unions  surviving  Phobos 
spacecrafl  (Phobos  1 is  inoperative, 
due  to  a spacecraft  command  error 
that  occurred  after  launch)  reaches 
Mars  orbit  at  (he  end  of  January,  and 
begins  maneuvering  toward  a later 
rendezvous  with  the  Martian 
moon  Phobos 


Magellan  mission  to  Venus 

Space  shuttle  Atlantis  and  a 
five-person  crew  launch  (he 
Magellan  spacecrafl  on  a radar 
mapping  mission  to  Venus,  Magellan 
will  arrive  at  Venus  in  August  1990, 
and  remain  in  orbil  there  for  eight 
months,  using  radar  lo  map  the 
planers  cioud-veiled  surface. 


Pegasus  launch 

Carried  aloft  by  a B-52  aircraft,  the 
privately  developed  Pegasus 
winged  booster  launches  its  first 
payload,  a military  satellite,  into 
orbit. 

$TS'2S  shuttle  mission 

Columbia  returns  to  space  on  a 
classified  Department  of 
Defense  mission. 

Atlas  launch 

General  Dynamics  Co  s Atlas- 
Centaur  booster  makes  its  first 
commercial  launch,  of  a U.3.  Navy 
FLTSATCOM  satellite. 


Ariane  launch 

Europe's  Ariane  booster  makes  its 
seventh  scheduled  flight  of  the  year, 
carrying  an  Intelsat  communications 
satellite  into  orbit. 


Galileo  heads  for  Jupiter 

Shuttle  arbiter  Allant  is  is  slated  to 
send  the  Galileo  spacecraft  on  its 
long-delayed  mission  to  orbil  Jupiter 
and  probe  the  giant  planet's 
atmosphere 


COBE  launch 

The  Cosmic  Background  Explorer 
(COBE)  is  launched  aboard  a Delta 
booster  into  Earth  orbit  to  study 
radiation  left  over  from  the  "Big  Bang." 

AMROC  launch 

Planned  first  sub  orbital  lest  fEighi  of 
American  Rocket  Corporation's 
privately  developed  Indus! rial 
Launch  Vehicle. 


STS-29  shuttle  mission 

Discovery  and  a crew  of  five 
astronauts  deploy  a third  NASA 
Tracking  and  Data  Relay  Satellite 
(TORS)  in  orbit  during  a five- 
day  mission. 


LDEF  returns  to  Earth 

Space  shuttle  Columbia  deploys 
one  spacecraft  [a  SYNCOM 
communications  satellite),  (hen 
retrieves  another- the  Long  Duration 
Exposure  Facility  (LDEF).  let  I in  orbit 
since  April  1984. 


Voyager  2 

The  12-year-old  space  probe 
examines  Neptune  and  its  moons  on 
Voyager’s  final  planetary  fly-by,  with 
the  closest  encounter  targeted  for 
August  24-25. 

STS-33  shuttle  mission 

Discovery  rockets  into  orbit  on 
another  classified  mission  for  the 
Department  ol  Defense. 

Titan  launch 

The  first  commercial  launch  of 
Martin  Mariettas  Titan  rocket  carries 
two  satellites  into  orbit  for  Japan 
and  Britain. 


Commercial  Delta  launch 

McDonnell  Douglas  becomes  the 
first  of  the  "Big  Three"  U S rocket 
firms  to  launch  a satellite  into  space 
for  a paying  customer- in  this  case 
the  government  of  India. 

Phobos  encounter 

The  Soviet  Phobos  2 spacecraft 
makes  its  close  encounler  with  a 
Martian  moon  sometime  between 
February  and  April.  A hopper  ’ 
lands  on  Phobos,  while  I he  main 
spacecrafl  examines  the  satellite 
from  only  50  meters  above 
the  surface. 


SPOT-2  launch 

France's  second  SPOT  Earth - 
observing  satellite  is  launched  into 
orbit  on  an  Ariane  rocket  (launch 
date  may  change  depending  on 


Hubble  Telescope  launched 

The  long-awaited  orbiting  space 
observatory  wilt  be  released  into 
Earth  orbit  from  the  space  shuttle  to 
begin  observing  the  Universe  with 
unprecedented  clarity 

All  launch  dates  are 
subject  to  change. 


status  of  SP< 
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]t  was  Red  Dawn  at  Landmannalaugar, 
The  Russians  were  coming,  but  it 
seemed  as  though  nothing  on  Earth 
could  persuade  us  to  leave  our  hot 
spring.  We'd  been  on  the  road  for  three 
days,  and  on  foot  virtually  every  waking 
moment  we  weren't  in  the  bus.  We'd 
climbed  hills,  volcanos  and  hornitos, 
scrambled  across  lava  flows,  forded 
streams,  hiked  trails.  .. 

The  hot  spring  seemed  like  a return 
to  the  womb,  and  we  weren't  going  to 
be  so  anxious  to  leave  it  this  time.  Most 
of  us  had  discovered  the  broad,  steam- 
ing pool  the  night  before,  and  had  lain 
in  it  well  past  midnight,  the  sky  glowing 
milkily  from  an  Arctic  sun  that  hovered 
just  below  the  horizon. 

Finally  courtesy  and  curiosity  forced 
our  group  of  a dozen  noisy  artists  from 
the  hot  water  into  the  cold,  drizzle- 
fogged  air.  Our  Icelandic  guide  Ellin 
and  I strolled  out  to  the  main  road  to  see 
if  we  could  spot  any  sign  of  the  Rus- 
sians. We  made  ourselves  comfortable 
in  the  bus  that  had  now  brought  us  a 
third  of  the  way  across  Iceland  in 
search  of  other  planets. 

So  far,  fun  and  inspiring  as  it  had 
been  from  a tourist's  viewpoint,  there 
had  been  littteof  specific  interest  to  our 


Soviet  and  American 
artists  met  on  the  rocks 
last  summer  to  catch 
a glimpse  of  other 

worlds. 

By  Ron  Miller 


specialized  group.  We  were  all  artists 
who  make  a specialty  of  astronomical 
painting.  Not  being  able  to  visit  most  of 
the  places  we  depict  in  our  art-  it's  dif- 
ficult enough  to  come  up  with  a couple 
of  thousand  dollars  to  go  to  Iceland,  let 
alone  five  or  ten  billion  to  go  to  Mars- 
weVe  made  a practice  of  traveling  to 
places  on  Earth  that  provide  good 
"analogs11  of  other  landscapes  in  the 
Solar  System. 

These  expeditions,  sponsored  by 
the  International  Association  for 


Astronomical  Arts  (IAAA),  have  taken 
us  from  the  volcanos  of  Hawaii  to  the 
deserts  of  Death  Valley.  The  workshops 
not  only  give  us  valuable  visual  stimuli, 
but  serve  as  a common  meeting 
ground  where  artists  who  normally  live 
thousands  of  miles  apart  can  get 
together  to  share  ideas. 

Since  leaving  Iceland's  capital  city  of 
Reykjavik,  our  company  of  JAM  artists 
had  been  enthusiastic  tourists,  crying 
photo  stop!”  every  few  kilometers 
along  the  bus  route.  Our  first  official 
halt  was  Thingvtllir,  a sheer-walled  rift  of 
black  basalt  where  the  Mid-Atlantic  Rift 
Is  exposed,  adding  fresh  volcanic  rock 
to  the  island.  It  was  the  birthplace  of  the 
first  Icelandic  government,  and  Ice- 
land is  still  being  created  here,  in  a 
geologic  sense. 

Not  far  off  was  Geysir-the  spouting 
thermal  spring  that  gave  its  name  to  all 
other  geysers~then  Gullfoss,  a 
breathtaking  waterfall  that  makes 
Niagara  look  like  a leaky  faucet.  We 
finally  reached  the  little  town  of  Fludir, 
where  wed  spent  our  first  night  out  from 
the  capital. 

That  night  had  been  clear  and  bright, 
with  the  midnight  Sun  not  far  below  the 
horizon.  There  wasn't  quite  enough 


ALL  PHOTOS:  MAfllLYNN  FLYNN 


The  inter  national  team  of  1AAA  artists 
posed  for  snapshots  at  glaciers  (the 
author  is  standing,  second  from  left), 
explored  waterfalls  and  stopped  for 
frequent  sketching  breaks. 


light  for  color  vision,  and  the  whole 
scene  looked  like  a daguerreotype, 
with  black-and-white  cows  placed 
picturesquely  here  and  there.  Rugged, 
black  rocks  protruded  from  the  brassy 
hill  behind  the  hotel  like  toes  from  old 
socks.  Ellin  told  us  they  were  elf  rocks, 
and  1 headed  off  with  Pam  Leef  a 
California  member  of  our  artists'  guild, 
for  a midnight  stroll  among  them. 
Perched  atop  one  of  the  rocks  and 
silhouetted  against  the  pewter  sky, 
Canadian  artist  Kara  Szathmary  was  a 
fey-enough  picture  to  make  Ellin's 
stories  seem  plausible.  I secretly  left  a 
krona  on  one  of  the  rocks  just  In  case. 

The  following  morning's  ride  took  us 
toward  Landmannalaugar  and  our 
much-awaited  rendezvous  with  the 


Russian  space  artists,  who  would  be 
joining  us  for  the  rest  of  the  trip.  On  the 
way  we  finally  came  across  our  first 
Martian-style  landscape-the  real  rea- 
son we  were  all  in  Iceland.  This  vast 
rolling  plain  of  black  volcanic  ash,  with 
a squat,  snow-covered  mountain  on 
the  horizon,  was  as  bleak  and  desolate 
as  we'd  ever  pictured  Mars.  We  only 
needed  to  hold  our  breaths  to  imagine 
ourselves  on  that  alien  planet. 

From  there  we  descended  into  a 
broad,  flat  valley.  There,  at  the  foot  of  a 
massive  lava  flow,  was  the  'hut"  where 
we  would  spend  the  next  couple  of 
nights:  a two-story  wooden  building 
with  a kitchen  and  a large  bunk  room  on 
each  floor.  For  the  first  time  since  arriv- 
ing in  Iceland  we  found  ourselves 
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thrown  together  in  close  quarters,  like  it 
or  not.  Some  of  us  had  been  friends  for 
a long  time,  others  at  least  acquaint- 
ances, but  all  too  many  had  been 
strangers  until  this  summer. 

As  always,  it  was  good  to  see  Bill 
Hartmann,  astronomer-  artist  from  Tuc- 
son, who  had  brought  his  wife  Gail, 
daughter  Amy  and  daughter’s  best 
friend  Shizuka.  Bill  and  I have  col- 
laborated on  three  books,  two  of  which 
also  included  the  work  of  Pam  Lee 
(forever  more  to  be  known  as 
"Pamella,"  as  she  was  called  by  our 
Russian  friends),  Though  we  had 
worked  together  on  major  book  proj- 
ects, this  was  only  the  third  time  Pam 
and  I had  met  face  to  face,  and  here 
was  a chance  finally  to  get  to  know  her 
better 

My  acquaintanceship  with  most  of 
the  others  dated  from  the  1983  I AAA 
workshop  in  Death  Valley,  the  onfy  other 
I had  attended.  Kim  Poor,  also  from 
Tucson,  was  there  along  with  Michael 
Carroll  from  San  Diego's  Fleet  Space 
Theater,  Brian  Sullivan  of  the  Hayden 
Planetarium  in  New  York,  Joel  Hagen, 
David  Hardy  (representing  the  British 
Empire)  and  MariLynn  Flynn.  Fairly  new 
faces  (at  least  to  me)  belonged  to  Beth 
Avery,  Mark  Hamel,  Dennis  Davidson, 
Tom  Hunt,  Susan  Lawson-Bell  (from 
the  Air  and  Space  Museum),  and  Kara 
Szathmary,  who's  the  incoming  pres- 
ident of  IAAA. 

Despite  our  common  interest  in 
otherworldly  subjects,  we  show  a great 
diversity  in  style,  technique  and  philos- 
ophy. Our  work  ranges  from  literally 
accurate  depictions  of  space  hard- 
ware to  the  outright  metaphysical,  and 
our  styles  run  the  gamut  from  photo- 
realism to  impressionism.  It's  that 
variety  that  makes  astronomical  art  so 
rich-so  much  beauty  and  inspiration, 
so  many  ideas. 

Some  of  our  group,  like  Bill  Hart- 
mann, had  already  got  busy  painting. 
Others  were  content  to  sketch  or  take 
photos  I was  one  of  the  latter;  unlike 
Bill,  who  seldom  has  an  opportunity  to 
paint  and  welcomes  the  chance,  I paint 


Lefb  Mike  Carroll  based  his  painting  “North 
Pole  of  Mars”  on  the  stark,  rocky  Icelandic 
terrain.  Below:  Marilynn  Flynn  used  her 
photos  of  steaming  explosion  craters  as  the 
basis  tor  l(A  Little  Hell  on  lo."  Bottom: 
Anatoliy  Veselov’s  work  is  typical  of  the 
Soviet  focus  on  symbolism  and  the  mythol- 
ogy of  space  travel. 


every  day  at  home,  3 wanted  to  see  as 
much  of  the  scenery  as  I could. 

Finally,  after  a couple  of  false  alarms, 
the  new  bus  arrived  - with  the  Russians! 

It  was  like  a family  reunion;  many  of 
the  newcomers  were  artists  we  had  met 
while  in  Moscow  at  a joint  exhibition  last 
October,  and  they  fell  on  us  like  bears, 
hugs  and  embraces  leaving  us  a little 
dizzy,  shoulders  and  hands  aching 
from  violent  Russian  handshakes. 

We  crowded  into  the  small  upstairs 
room  where  wed  spent  the  previous 
night,  25  of  us  jostling  like  steerage 
passengers  at  Ellis  Island.  After  lunch, 
we  threw  our  baggage  into  the  bus  and 
were  off  again,  through  seemingly 
endless,  desolate  Martian  scenery, 
until  we  arrived  at  Nyidalur,  virtually  the 


dead  center  of  the  island,  and  the 
isolated  hut  that  would  be  our  home  for 
two  nights. 

There  were  twelve  Russians  in  all, 
including  two  interpreters,  Lena  and 
Natasha  “Slava”  Davidov,  a graphic 
designer,  was  ostensibly  the  leader  of 
the  delegation,  but  the  spiritual  head 
was  General  Alexei  Leonov-cosmo- 
naut,  accomplished  artist  and  the  first 
man  ever  to  walk  in  space.  We  all  took 
an  immediate  liking  to  this  barrel- 
chested legend  of  the  Soviet  space 
program,  who  was  neither  aloof  nor 
condescending. 

Leonov  had  learned  most  of  his  Eng- 
lish in  Houston,  while  training  for  the 
joint  Apollo/Soyuz  mission  back  in  the 
continued  on  page  60 
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SPACE  ART  INTERNATIONAL 


Peace  Off  Earth 


nrthur  Woods  has  a dream.  He 
wants  the  Star  of  Peace  to 
j shine  every  night,  for  every  person,  in 
i every  land.  And  it  looks  as  though  he’s 
| put  together  the  ingredients  to  make 
i his  dream  come  true,  including  a 
j signed  contract  to  launch  his  Orbiting 
j Unification  Ring  Satellite  (OURS)- 
j which  may  become  the  first  work  of  art 
i in  orbit-from  a Soviet  spacecraft. 

Even  via  long  distance  from  Switzer- 
i land,  Woods  projects  the  enthusiasm 
j of  the  true  artist  and  dreamer.  In  fact, 

: he’s  both;  he  makes  his  living  produc- 
: ing  art  works  he  describes  as  "having  a 
: lot  do  with  the  cosmos.’’  He  grew  up 
j around  Cape  Canaveral  during  NASA’s 
; go-go  days,  but  his  voice  has  picked 
j up  a Zurich  lilt  in  fifteen  years  away 
j from  the  land  of  the  Super  Bowl.  It  also 
j shows  a hint  of  frustration  as  he 
; describes  how  his  space  art  project 
j has  yet  to  become  a worldwide  event 
j for  peace,  despite  his  efforts  to  interest 
; other  countries. 

! "Six  weeks  after  I sent  letters  to  the 
j Soviets  and  the  Americans,  Glavkos- 
; mos  [Moscow’s  space  marketing 
j agency]  signed  a [launch]  contract,” 
i Woods  says.  "I  contacted  NASA,  and 
i they  said  they  didn’t  know  anything 
j about  it.”  A second  request  apparently 
; is  still  orbiting  a circular  file  somewhere 
j in  the  American  space  bureaucracy. 

Surprisingly,  the  U.S.  media-normally 
j eager  to  tout  efforts  to  drape  whole 
; islands  in  pink  plastic-haven’t  picked 
j up  on  Woods’  plan  to  put  a ring  sculp- 
; ture  in  Earth  orbit,  and  it  took  a bit  of 
i circumnavigation  for  the  Soviet  press 
j to  catch  on.  Woods  says  nothing  had 
i been  written  in  the  U.S.S.R.  until  a 
: Soviet  journalist  read  in  a French 
j newspaper  a reprint  from  a paper  in 
; Toledo,  Ohio. ..and  then  wrote  a story 
: in  Izvestia. 

Undaunted,  Woods  is  running  his 
j own  p.r.  campaign,  and  the  $300,000 
; for  a prototype  OURS  is  coming 
j mainly  from  your  average  space 
j enthusiast  on  the  street.  Fifty  Swiss 
j francs  (about  $35  American)  buys  a 
j dated,  numbered,  mounted  "piece  of 
j the  ring”-a  snippet  of  the  lightweight 
: plastic  material  from  which  the  OURS 


Like  it  or  not,  it’s  OURS. 

▼ ▼ ▼ 

By  Maura  J.  Mackowski 

ring  will  be  made,  which  has  been 
decorated  by  viewers  at  Woods'  exhib- 
its. An  annual  donation  of  the  same 
amount  brings  a yearly  piece  of  the 
ring,  plus  updates. 

Woods  also  offers  a student  rate, 
and  kids  get  in  free;  they  need  only 
draw  their  best  artistic  expression  of 
OURS  to  earn  a piece  of  the  ring  and  a 
place  in  the  collection  of  kinder-art 
Woods  hopes  to  publish.  Grown-up 
artists  are  invited  to  dance,  sculpt, 
mime,  sing  or  poeticize  their  feelings 
in  exchange  for  sponsorship  and 
inclusion  in  a permanent  display. 

Woods  hopes  to  beam  these  mes- 
sages of  peace  spaceward  from  the 
OURS.  The  name  of  every  sponsor  will 
be  carried  aloft,  and  the  project  will 
make  a donation  of  two  Swiss  francs 
(roughly  $1.40)  to  UNICEF  on  behalf  of 


But  is  it  art?  Arthur  Woods’  Orbiting 
Unification  Ring  Satellite 


each  child  and  student  who 
contributes. 

What  the  Soviets-and,  Woods  hopes, 
the  Americans-actually  launch  in  1990- 
1991  will  be  a six-meter  OURS  proto- 
type. He  predicts  that  drag  from  the 
atmosphere  will  cause  it  to  fall  from 
orbit,  perhaps  after  only  a few  days, 
but  he  really  would  like  to  see  it 
enshrined  for  posterity  at  L-5,  one  of 
the  stable  Lagrange  points  where 
Earth’s  gravitational  pull  balances  the 
Moon’s. 

The  peace  star  Woods  ultimately 
wants  to  place  in  orbit  would  be  a 
white  inflatable  ring,  a kilometer  in 
diameter,  with  a cross  through  its 
center. 

"The  circle  has  had  a place  in  many 
civilizations,”  he  explains.  "We’ve  seen 
it  in  Aztec  architecture,  in  Hindu  crea- 
tion legends,  among  the  Mayans  and 
the  Tibetans.  In  the  year  2000,  we 
hope  to  use  it  to  celebrate  the  new  mil- 
lennium.” OURS’  big  brother  would  be 
visible  for  about  ten  minutes  each 
month  from  every  point  on  the  globe, 
and  would  appear  as  a circle  approx- 
imately one-quarter  the  size  of  the 
Moon. 

There  are,  however,  a number  of 
small  black  clouds  floating  across  this 
sunshiny  picture,  among  them  the 
thought  of  an  orbiting  loop  of  stellar 
pitchmen  silently  touting  Charlie  the 
Tuna  or  Morris  the  Cat.  Woods  claims 
that  "at  $100,000  a hit,  there's  not  much 
likelihood  of  that,”  but  he  may  have 
been  out  of  the  country  too  long  - 
launch  costs  like  that  would  be  eye- 
wash to  the  Marlboro  Man.  Space 
entrepreneurs,  opportunity  knocks. 

And  then  there  are  the  astronomers, 
who  bitterly  opposed  a plan  to  com- 
memorate the  Eiffel  Tower’s  centennial 
next  year  with  a six  kilometer  ring  of 
spheres,  arguing  that  it  would  interfere 
with  their  view  of  the  night  sky 
But  Woods  isn’t  letting  bureaucracy 
m\  or  thoughts  of  commercial  bastardiza- 
|i  tion  get  him  down.  “The  more  names 
g?j  that  are  on  that  sculpture,”  he  says, 
o!  “the  more  powerful  will  be  the  mes- 
; sage.  OURS  means  ‘belonging  to  us.’” 

I □ 
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Decision-makers  who  have  the  greatest  impact 
on  your  industry  are  into  space.  It’s  no  wonder— our 
political  and  economic  future  is  more  and  more  written 
in  the  stars. 

And  now  it’s  being  written  in  Final  Frontier.  We’re 
the  only  magazine  devoted  exclusively  to  advancing  space 


exploration.  Along  with  our  rank  and  file  readers,  we  go 
to  all  U.S.  Congressmen,  Government  space  agencies, 
NASA  administrators,  top  media  people,  and  on  and  on. 

Very  influential  people  may  have  their  heads  in 
space.  But  you  can  reach  them  right  here  in  Final  Frontier. 
We  promise  the  stars— and  deliver  every  two  months. 


Call  Carey  Bohn  at  Final  Frontier:  (612)  332-3001 


The  Pri  vate  Vector 

Banking  on  Tanks 


ave  ETs!” 

The  cry  went  up  as  soon  as 
President  Reagan’s  new  national 
space  policy  hit  the  street  early  last 
year. 

What  caused  the  excitement  was  a 
new  provision  that  the  government 
would  make  space  shuttle  external 
tanks  (ETs)  available  to  commercial 
users  for  a five  year  period  at  no  cost,  to 
be  used  for  such  things  as  “research, 
storage  or  manufacturing  in  space.” 

The  external  tank  is  the  large,  domed 
cylinder  that  contains  liquid  fuel  used 
by  the  shuttle’s  main  engines  during 
the  ascent  to  space.  Normally,  just 
before  the  shuttle  reaches  orbit,  the 
near-empty  tank  is  released  and 
allowed  to  fall  back  to  Earth,  burning  up 
in  the  atmosphere. 

But  it  doesn’t  have  to  be  that  way.  The 
tank  is  the  largest  single  part  of  the 
shuttle  launch  vehicle,  and  it  contains 
some  70,000  cubic  feet  of  interior 
space-usable  volume  that  could  be 
carried  all  the  way  to  orbit  instead  of 
being  dropped  into  the  ocean. 

Tom  Rogers,  Chairman  of  External 
Tanks  Corporation  (ETCo),  believes 
that  this  huge  volume,  having  already 
been  pressurized  as  a fuel  tank,  can  be 
repressurized  in  orbit  and  used  as  a 
laboratory.  “We  are  looking  at  space 
real  estate  here,”  he  says. 

ETCo  is  a commercial  arm  of  the  Uni- 
versity Consortium  of  Atmospheric 
Research,  a group  of  57  universities 
and  research  facilities  that  is  keenly 
interested  in  providing  room  for  scien- 
tists to  work  in  the  microgravity 


Shuttle  fuel  tanks  are  becoming 
a hot  new  rental  property. 

▼ ▼ ▼ 

By  Robert  Moulton 


or  adding  work  space  for  astronauts. 
Repressurizing  the  tanks,  says  Taylor, 
would  be  too  costly  at  the  beginning. 

Another  proposal  filed  with  NASA  by 
Wickman  Spacecraft  & Propulsion 
Company  is  anything  but  austere.  The 
California  firm  ultimately  wants  to  plant 
three  ETs  on  the  Moon  as  a testbed  for 
processing  lunar  materials.  The  com- 
pany’s founder,  John  Wickman, 
optimistically  says,  “Wed  like  to  see  the 
thing  on  the  surface  by  1997" 

But  according  to  Jesco  von  Putt- 
kamer,  a long-range  planner  in  NASA’s 
Office  of  Space  Flight,  there’s  a lot 
more  to  making  ET  habitable  than 
meets  the  eye.  “We  first  would  have  to 
design  and  build  a micrometeorite 
shield  and  thermal  protection  shield 
before  anyone  can  make  a living  in  it. 
You  also  need  things  like  Skylab  had- 
stoves,  refrigerators,  furniture,  things 
that  make  the  tank  liveable.” 

The  Skylab  missions  of  the  1970s 
offer  other  lessons  as  well,  says  Von 
Puttkamer.  During  ascent  the  station’s 
protective  heat  shield  was  ripped  loose, 
and  for  ten  days  after  it  reached  orbit 
NASA  scientists  and  engineers  had  to 
work  feverishly  to  save  it.  Without  the 
shield  Skylab  would  have  been  unin- 
habitable; the  air  inside  would  have 


been  polluted  by  the  "outgassing”  of 
materials  due  to  the  extreme  heat. 

So  before  the  movers  show  up  with 
stoves,  refrigerators  and  furniture,  the 
ET  would  have  to  be  drained  of  its 
residual  fuel  by  venting  it  to  the  vacuum 
of  space.  The  tank  would  need  to  be 
cleaned  out  and  outfitted  with  a ther- 
mal protection  system  and  a shield  to 
protect  it  from  being  punctured  by  fly- 
ing debris-some  of  which  would  be 
produced  by  the  tank  itself. 

According  to  Faye  Baillif  of  Martin 
Marietta  (the  company  that  builds  the 
tanks),  the  foam  insulation  coating  the 
outside  of  the  tanks  “could  pop  off  like 
popcorn.  It  would  float  around,  and  it 
could  interfere  with  experiments,  and 
could  actually  damage  the  tank  by  hit- 
ting it." 

The  foam  may  therefore  have  to  be 
removed.  One  solution  might  be  to  hold 
the  tanks  at  about  a 160-mile  orbit  and 
let  the  atmosphere  drag  the  debris  into 
the  atmosphere  where  it  presumably 
would  burn  up.  Meanwhile,  according 
to  Baillif,  “the  tank  would  bob  like  a 
bobber  on  a fishing  line.”  After  the 
debris  was  cleaned  off,  the  tank  would 
be  pushed  back  into  a higher  orbit  by 
thrusters  which  would  be  attached  by  a 
shuttle  crew. 

A 1985  report  on  possible  applica- 
tions for  salvaged  tanks,  conducted  by 
the  Space  Studies  Institute,  is  full  of 
compelling  reasons  to  save  ET.  And 
one  potential  near-term  user  has 
already  stepped  forward.  Flarvard 
astronomer  David  Koch,  working  under 
a NASA  grant,  is  looking  at  using  the  tank 


environment  of  space. 

Tom  Taylor,  head  of 
Global  Outpost,  Inc., 
formerly  worked  with 
Rogers  at  ETCo,  and  is 
still  a minority  stock- 
holder in  the  company. 
Taylor  leaves  the  idea  of 
repressurizing  the  tanks 
in  orbit  to  someone  else. 
Fie  believes  an  ET 
should  be  used  first  as  a 
“simple,  austere  near- 
term  platform”  for 
attaching  experiments 


as  a mount  for  an  orbiting 
gamma  ray  telescope. 

But  the  fact  that  com- 
mercial enterprises  have 
begun  to  show  interest  in 
the  tanks  is  perhaps  the 
best  sign  of  all.  As 
one  space  industrialist 
recently  said,  “We  need 
commerce  in  space,  and 
we  need  to  get  on  the 
stick  and  get  it  moving.” 
And  that  means  having 
more  work  space  in 
space.  □ 
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Does  exploring  other  worlds 

make  your  heart 
beat  faster? 

Help  launch  a new  era  in  planetary  exploration... 
and  enjoy  the  many  benefits  of  membership 
in  The  Planetary  Society. 


This  is  an  important  time  for  space 
exploration  enthusiasts  like  you.  At  no 
other  time  in  history  has  the  explora- 
tion of  other  worlds  held  more  promise. 
Through  your  membership  in  The 
Planetary  Society,  yaw  can  help  fulfill 
this  promise ..  .you  can  have  an  impact 
on  the  exploration  of  other  worlds  and 
the  search  for  extraterrestrial 
intelligence. 

In  the  last  two  decades,  for  the  first 
time  in  history,  we  have  studied  our 
neighboring  worlds  close  up  and  in 
detail— the  enigmatic  pyramids  of 
Mars,  the  organic  clouds  of  Titan,  the 
10,000  Saturnian  rings.  Right  now, 
the  U.S.,  the  U.S.S.R.,  the  European 
Space  Agency  and  Japan  are  planning 
historic  space  missions.  These  epic 
ventures  will  be  remembered  by  our 
descendants  thousands  of  years  from 
now  when  most  other  achievements 
of  our  time  will  be  forgotten. 

See  the  universe 
in  a new  light 

The  Planetary  Society,  as  the  world’s 
largest,  most  influential  space  interest 
group,  will  have  an  impact  on  such 
programs.  And  you,  as  a Planetary 
Society  member,  will  be  a part  of  our 
efforts.  As  a member,  you  not  only 
take  a front-row  seat  in  the  ultimate 
adventure  in  space.  Your  membership 
will  actually  help  move  ahead  inter- 
national programs  to  explore  the 
cosmos... will  actually  help  fmance 
the  radio  search  for  extraterrestrial 
intelligence. 

Headed  by  some  of  the  world’s  most 
distinguished  scientists,  The  Planetary 
Society  provides  more  than  100,000 
members  with  knowledge  and  inspira- 
tion that  sparks  their  imaginations 
and  keeps  them  on  the  cutting  edge 
of  space  exploration. 

U.S.  Planetary  missions 
scuttled.  New  hopes  for 
new  missions. 

Since  1978,  the  U.S.  has  not  launched 
a single  mission  to  the  planets— after 
dozens  of  historic  missions  in  the 
preceding  two  decades.  Today,  The 


Planetary  Society  is  spearheading 
efforts  to  renew  U.S.  commitment  to 
missions  awaiting  launch:  Galileo , 
Magellan , Ulysses  and  Mars  Observer. 
And  we  are  disseminating  information 
to  the  American  people  on  the 
ambitious  Soviet  Phobos  mission  and 
on  future  Soviet  Mars  exploration. 

We  are  also  leading  the  drive  for 
a multinational  piloted  mission  to 
Mars  and  new  expeditions  to  other 
planets.  We  invite  you  to  join  us. 

Many  membership  benefits. 

There’s  no  other  organization  like 
The  Planetary  Society.  When  you  join, 
in  addition  to  receiving  our  colorful 
magazine  The  Planetary  Report  six 
times  a year,  you’ll  get  special  discounts 
on  books,  videotapes,  posters,  prints 
and  other  materials.  You’ll  also  be 
invited  to  special  Society  events  and 
activities,  such  as  Planetfest  ’89. 

a day  is  all  it  takes! 

To  become  the  next  member  of  The 
Planetary  Society,  just  fill  out  the 
Membership  Form  below  and  return  it 


right  away.  Send  no  money  now.  We’ll 
bill  you  for  your  low  membership  dues 
of  just  $20*  a year.  That’s  about  6$  a day 
to  take  part  in  this  unique  adventure. 
Included  in  your  membership... 

The 

Planetary 
Report 

Lively, 
authoritative 
coverage  of 
planetary 
exploration 
delivered 
to  you 
bimonthly. 

The  most 
comprehensive 
accounts  of 
discoveries 
about  other  worlds.  First-hand 
reports  from  scientists  of  many 
nations.  Full-color  photographs  from 
space.  Not  available  on  newsstands. 
Sent  to  you  as  a member  of 
The  Planetary  Society. 


| SEND  NO  MONEY  NOW 


Yes,  enroll  me  as  a new  member 
of  The  Planetary  Society. 

Send  my  membership  card,  start  The 
Planetary  Report  coming  to  me  and  bill  me 
just  $20*  for  my  first  year’s  dues.  Be  sure 
to  send  me  invitations  to  the  Society’s  special 
events  and  activities. 

Guarantee:  You  may  cancel  at  any  time  and 
receive  an  immediate  refund  for  the  balance 
of  your  membership  year. 

Name 


Co-founders  of  The  Planetary 
Society:  Bruce  Murray,  Profes- 
sor of  Planetary  Sciences, 
California  Institute  of  Tech- 
nology (seated  left);  Carl  Sagan, 
Director,  Laboratory  for 
Planetary  Studies,  Cornell 
University  (seated  right);  Louis 
Friedman,  Executive  Director 
(standing). 


Address. 


City_ 


State. 


. Zip. 


‘Canadian  memberships  are  $30  (Canadian  dollars)  and  foreign  memberships 
are  $30  (U.S.  funds)  per  year. 

THE  PLANETARY  SOCIETY 

65  North  Catalina  Ave.,  Pasadena,  CA  91106-9899 
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The  Home  Planet 

Edited  by  Kevin  Kelley  for  the 

Association  of  Space  Explorers 

Addison-Wesley 

256  pages.  $39.95. 

By  Patrick  Huyghe 

Space  is  just  eight  minutes 
away  yet  only  a handful  of  us- 
barely  more  than  two  hundred  people- 
have  ever  been  there.  The  reason, 
basically,  is  the  expense.  Now,  for 
under  forty  dollars,  a book  comes 
along  that  promises  the  awe  and  exhil- 
aration, the  anxieties  and  epiphanies  of 
a trip  beyond  Earth.  What  The  Home 
Planet  delivers  is  just  that:  a super- 
saver ticket  into  space. 

This  lavishly  produced  coffee-table 
book,  which  is  being  co-  published  by 
Mir  Publishers  in  the  Soviet  Union, 
includes  150  gorgeous  color  photo- 
graphs, most  of  which  were  taken  by 
the  astronauts  and  cosmonauts  them- 
selves during  our  first  quarter  century 
in  space.  The  thoughts,  comments  and 
feelings  of  the  space  travelers-drawn 
from  a variety  of  interviews,  spacecraft 
transmissions,  articles  and  books- 
make  up  the  brief  narrative,  which 
adds  to,  rather  than  describes,  the 
photographs.  Each  of  these  snippets  is 
printed  both  in  the  native  language  of 
the  space  traveler  and  in  English. 
There  are  18  countries  represented, 
and  16  languages-testimony  to  the 
international  arena  that  space  has 
become. 

The  short  blocks  of  text  relate  the 
experiences  of  the  space  travelers, 
from  preflight  anxieties  to  space  walks, 
Moon  flights  and  landings  back  on 
Earth.  Space,  we  learn,  holds  no  wel- 
come for  its  visitors;  the  astronauts  and 
cosmonauts  continually  remark  on  the 
overwhelming,  intense  darkness  of 
space.  Traveling  out  into  this  “black- 
ness beyond  conception"  has 
triggered  many  a nightmare.  “The 
Earth  would  eventually  be  so  small  I 
could  blot  it  out  of  the  universe,"  says 
Apollo  ITs  Buzz  Aldrin,  “simply  by  hold- 
ing up  my  thumb.” 

Earth,  of  course,  is  the  greatest 


Foreword  by 
lacques-Yvcs  Cousteau 
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Home 

Planet 


Conceived  and  edited  bv 
Kevin  W.  Kelley 
For  the  Association 
of  Space  Explorers 


attraction.  Apollo  astronaut  Tom  Staf- 
ford noted  how  emotionally  attached 
he  was  to  “those  rough  patterns  shift- 
ing steadily  below.”  All  the  “good  stuff,” 
agrees  shuttle  experimenter  Loren 
Acton,  is  down  there. 

The  book’s  photographs  make  this 
easy  to  appreciate.  Our  planet 
becomes  a work  of  art,  with  each  shot 
of  water,  land  and  clouds  an  abstract 
masterpiece.  To  appreciate  a master- 
piece, one  astronaut  notes,  it’s  best  to 
backoffabit.  Forapainting  hanging  on 
a museum  wall,  the  recommended  dis- 
tance is  about  ten  feet.  For  a planet 
suspended  in  space,  it’s  about  100 
miles. 

This  opportunity  to  “look  back”  has 
its  intellectual  as  well  as  aesthetic  ben- 
efits. “The  first  day  or  so,”  said  Sultan 
Bin  Salman  al-Saud  of  Saudi  Arabia, 
“we  all  pointed  to  our  countries.  The 
third  or  fourth  day  we  were  pointing  to 
our  continents.  By  the  fifth  day  we  were 
aware  of  only  one  Earth.”  This  sense  of 
harmony,  of  one  Earth  and  one  people, 
is  repeated  often. 

“We  are  all  Earth’s  children,”  said 


Alexander  Alexandrov,  “and  we  should 
treat  her  as  our  Mother.”  Other  space 
travelers  felt  a similar  sense  of  respon- 
sibility. “It  isn’t  important  in  which  sea  or 
lake  you  observe  a slick  of  pollution,” 
remarked  Yuri  Artyukhin.  “You  are 
standing  guard  over  the  whole  of  our 
Earth.” 

The  Home  Planet  is  a truly  wonderful 
achievement,  with  only  a few  minor 
faults,  such  as  the  banishment  of  all 
photo  descriptions  to  the  back  of  the 
book;  I got  tired  of  flipping  back  and 
forth  to  learn  more  about  what  I was 
seeing.  My  only  other  quibble  is  with 
the  selection  of  photographs.  Of  the 
150  chosen,  only  seven  are  from  Soviet 
archives.  I wish  there  had  been  more. 
And  one  photograph  simply  doesn’t 
belong:  the  book’s  final  shot,  a view 
looking  out  to  the  center  of  our  galaxy, 
which  although  beautiful,  has  nothing 
to  do  with  the  central  theme  of  looking 
back  at  the  Earth. 

I ioved  this  trip,  and  I loved  this  book. 
But  while  there’s  no  denying  the  tre- 
mendous impact  that  seeing  the  Earth 
from  space  has  had  on  us,  what  the 
space  program  probably  needs-for  its 
own  sake -is  just  the  opposite  perspec- 
tive. Don’t  look  back.  Very  few  of  the 
space  travelers  quoted  here  express 
that  attitude,  and  few  of  the  images 
capture  a pioneering  spirit  and 
passion  for  other  worlds. 

You  catch  a glimpse  of  it  in  a stirring 
shot  of  an  astronaut  walking  across  the 
surface  of  the  Moon,  or  in  a view  of  the 
marvelous  salt  deserts  of  Iran,  with 
their  swirling  colors  that  reminded 
Robert  Crippen  more  of  Jupiter  than  of 
the  home  planet.  But  only  one 
astronaut  appears  to  have  given  voice 
to  this  extraterrestrial  passion.  As 
Michael  Collins  orbited  the  Moon  alone 
in  1969,  he  remembers,  “If  I looked  in 
the  other  direction  there  was  God 
knows  what-only  me  and  the  rest  of  the 
universe.  I liked  that  feeling,  being  part 
of  the  rest  of  the  universe....” 

I like  that  feeling,  too.  □ 

Patrick  Huyghe  is  a science  writer  and 
television  producer  based  in  the  New 
York  City  area. 
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Baudry 

continued  from  page  39 


people—  doctors  and  trainers,  etc.,  to 
organize  our  physical  training.  That,  I 
think,  is  a big  difference. 

But  the  purely  technical  things  are 
the  same  and  they  work  the  same 
way— a lot  of  simulators  and  these 
kinds  of  systems. 

Final  Frontier:  You  have  been 
quite  outspoken  among  the  European 
astronauts,  although  you’re  certainly 
not  the  only  one  to  say  that  you  cannot 
make  vehicles  100  percent  safe  and 
that  you  are,  after  all,  a test  pilot.  There 
is  an  effort  underway  to  introduce  an 
escape  capsule  to  the  design  of  the 
Hermes  vehicle.  Could  you  comment 
on  that  issue? 

Baudry:  In  fact,  I am  not  against  the 
capsule.  I think  in  an  ideal  world  a cap- 
sule would  be  interesting  to  build,  but 
we  are  in  a real  world.  And  the  first 
objective  for  me  will  be  to  have  a safe 
launcher.  Ariane  5 [The  European  laun- 
cher for  Hermes]  was  designed  for 
commercial  missions,  and  so  far  we 
don’t  have  any  proof  that  Ariane  5 is 
okay  to  launch  a manned  vehicle. 

And  so  I think  that  in  the  Hermes  pro- 
gram, before  spending  a lot  of  time,  a 
lot  of  money  and  a lot  of  energy  trying  to 
make  an  ejectable  cabin  work,  I think 
that  it  will  be  highly  desirable  to  look 
very  carefully  at  the  problem  posed  by 
the  launcher.  If  the  Europeans  have 
decided  to  study  an  ejectable  cabin, 
it’s  just  because  they  feel  that  the  laun- 
cher is  not  yet  100  percent  safe.  So 
that’s  a basic  problem,  I think,  for 
Europe. 

The  ejectable  cabin,  to  me,  is  a very 
good  design,  a very  good  idea,  but  it’s 
very  expensive.  It  takes  a long  time  to 
design  it  and  develop  it.  It  is 
[additional]  weight  for  the  vehicle.  It’s  a 
complication,  and  complication  goes 
against  safety  and  reliability. 

The  last  point  about  the  ejectable 
cabin  is  that  you  can  not  qualify  it.  You 
cannot  test  it  [under]  real  conditions. 
How  do  you  test  a cabin  whose  flight 
envelope  is  from  zero  to  Mach  7 and 
from  zero  to  50  kilometers?  How  do  you 
do  that?  It  would  be  an  impossible  test. 

I should  mention,  though,  that  so  far 
in  the  Hermes  program  we  are  in  the 
definition  phase,  and  it’s  good  to  study 
all  possible  solutions.  You  cannot  say 
that  Hermes  is  an  operational  aircraft.  I 
consider  that  Hermes  is  an  experi- 
mental spacecraft  for  Europe.  It’s  the 
first  step  for  Europe  in  the  story  of 
manned  spaceflight.  You  cannot  con- 
sider the  space  shuttle  as  operational, 
either,  but  the  shuttle  can  do  such  a lot 
of  different  things — it’s  really  an  extra- 


ordinary machine. 

Hermes  is  much  more  modest — not 
from  a technical  point  of  view,  but  from 
an  operational  point  of  view.  Obviously 
Hermes  will  use  advanced  techniques, 
much  more  advanced  in  some  ways 
than  techniques  used  in  the  space 
shuttle.  But  Hermes  will  have  only  three 
men  onboard  and  a cargo  payload 
which  will  be  almost  nothing,  or  very 
little. 

Hermes  will  bring  to  Europe  a lot  of 
information  about  this  type  of  space- 
flight.  We  don’t  have  this  type  of 
experience.  So  that’s  really  a big  differ- 
ence, I think.  You  don’t  have  to  compare 
Hermes  with  space  shuttle  or  Hermes 
with  the  Soyuz  or  other  Soviet  vehicles. 

Final  Frontier:  Let’s  talk  a bit 
about  the  proposed  French  space 
camp  at  Toulouse,  which  I understand 
is  very  near  and  dear  to  your  heart.  Is  it 
still  going  to  open  next  year? 

Baudry:  I think  so,  yes.  It  should 
open  next  year.  It  may  be  at  Toulouse;  it 
may  be  somewhere  else.  The  location 
is  not  completely  defined. 

Final  Frontier:  Where  did  your 
ideas  for  space  camp  come  from? 
Were  they  based  on  the  American 
space  camp  in  Huntsville,  Alabama? 

Baudry:  In  fact,  I had  the  idea  in  the 
Soviet  Union  in  1981  when  I saw  some 
Young  Cosmonauts.  Then  in  the  States, 

I had  seen  the  space  camp  [in  Hunts- 
ville], which  is  remarkable.  They  did  a 
great  job.  I have  good  contacts  with 
them,  and  I hope  we  can  have  some 
exchanges  when  the  European  space 
camp  opens. 

When  I came  back  to  Europe  [after 
seeing  the  U.S.  camp],  I thought 
maybe  it  was  time  to  do  something  in 
Europe,  in  the  European  way,  with  Euro- 
pean equipment.  Because  we  in 


Europe  don’t  have  a long  history  in 
space  as  the  Americans  have.  But  we 
do  have  some  things.  And  it’s  good  to 
explain  to  our  children  that  space  is  for 
everybody,  and  that  [European]  peo- 
ple before  them  have  worked  in  space 
and  have  succeeded  in  some  ways. 

[Teaching]  is  different  for  European 
kids  than  for  American  kids.  So  I devel- 
oped a new  pedagogical  concept,  but 
the  object  is  the  same.  It  puts  space  in 
reach  for  young  kids,  and  explains  to 
them  the  best  ways  to  carry  on  in  the 
field  they  have  chosen—  astronomer, 
engineer,  controller,  doctor  or  pilot.  We 
explain  to  them  that  in  the  next  decade 
or  the  next  20  years,  “astronaut”  is  a 
profession  they  can  make  with 
certainty. 

We  also  will  have  a simulator,  the  first 
Hermes  simulator  in  Europe. 

Final  Frontier:  A different  kind  of 
question:  on  your  shuttle  flight  you  fol- 
lowed in  the  vein  of  astronaut  John 
Young,  who  smuggled  a sandwich  onto 
a Gemini  flight,  and  you  took  some 
wine  onboard. 

Baudry:  I did  not  drink  it,  though.  It 
was  just  a symbolic  gift.  Astronauts 
have  the  right  to  bring  gifts,  official  or 
not,  and  that’s  what  it  was — the  sym- 
bolism of  wine  going  into  space. 

It’s  impossible,  you  know,  to  drink 
alcohol  on  American  [spaceships. 
That’s  a very  strong  rule.  Some  others 
have  the  same  rule,  but  they  don’t 
apply  it.  Here  in  the  States,  you  apply 
everything. 

Final  Frontier:  That’s  disappoint- 
ing, because  we  were  going  to  ask  you 
what  effects  alcohol  had  in  zero  gravity. 
Was  it  a California  wine  or  a French 
wine? 

Baudry:  A French  wine.  You  can 
never  be  careful  enough.  □ 
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Iceland 

continued  from  page  53 

70s.  When  he  greeted  me  with  a hearty 
“Howdy,  pardner!”  in  a thick  Russian 
accent,  it  struck  me  what  Leonov  really 
is.  If  he  were  living  in  my  hometown  in 
Virginia  he’d  be  a “good  ol’  boy." 

With  the  Russians  came  a lot  of 
vodka.  The  savvier  of  us  quietly 
escaped  into  our  sleeping  bags,  but 
the  others  weren’t  so  lucky.  Poor  Kara 
came  in  about  2 am,  his  eyes  and  most 
of  his  body  unfocused.  “Where  is  your 
shirt?"  he  was  asked-a  cruelly  com- 
plex question,  I think,  for  a man  with  a 
liquified  brain.  “The  horse  ate  it,”  he 
answered. 

"Come  on!  How  did  the  horse  get 
your  shirt  in  the  first  place?" 

"I  lost  it  playing  poker  with  the 
palomino." 

"How  did  the  horse  win?" 

“He  lied." 

Our  first  international  expedition  was 
to  the  glacier  Tungnafellsjokull-which 
was  promptly  dubbed  "Tunafishjokull." 
Our  plan  was  to  climb  up  the  edge  of 
the  ice,  then  cross  the  glacier.  To  the 


glee  of  the  Americans,  we  quickly  left 
the  Russians  behind.  "Bloated  capital- 
ists, huh?"  we  sneered  back  at  the  tiny 
figures  below  us,  who  were  scattering 
to  find  safer  things  to  sketch.  Forty-five 
minutes  later,  as  we  watched  Ellin  pull 
Dennis  out  of  a crevasse  that  collapsed 
beneath  his  feet,  we  were  reconsider- 
ing our  assessment  of  Russian 
intelligence. 

It  was  an  exhausting  excursion,  but 
an  exhilarating  one.  We  all  got  some 
feeling  for  what  the  Martian  polar  caps 
might  be  like.  We  saw  clear  ice,  scores 
of  feet  thick,  glimmering  blue  from 
within.  Nearby  were  large  rocks,  shat- 
tered like  loaves  of  sliced  bread  by  the 
cold. 

That  evening  back  at  the  hut,  the 
Russians  introduced  us  to  the  pleas- 
ures of  vodka  mixed  with  tabasco 
sauce,  and  we  had  a round  of  self- 
introductions. Togrul  Naramanbekov, 
an  Azarbajian  artist,  even  sang  his:  a 
folksong,  sadly  and  sweetly  rendered 
in  the  twilit  cabin. 

We  left  Nyidalur  at  8 a.m.  sharp  in  the 
“Phobus,"  as  we’d  christened  our  vehi- 
cle, for  the  long  drive  to  Lake  Myvatn. 


(After  contending  for  days  with  an 
obnoxious  little  insect  known  as  the 
“midge,"  a kind  of  oversized  gnat,  we 
weren’t  at  all  thrilled  to  learn  that 
Myvatn  means  "Lake  of  the  Midges.”) 

On  the  way  we  stopped  at 
Hverarond,  a thermal  spring  area 
boasting  beautifully-colored  mud  pots. 
The  air  was  rich  with  the  smell  of  sulfur, 
which  reminded  Michael  Carroll  of  the 
Fourth  of  July.  Without  stretching  our 
imaginations  too  far,  we  could  have 
been  standing  on  Jupiter’s  sulfurous 
moon  lo.  Most  of  us  decided  right  then 
to  return  the  next  day  to  paint. 

For  days  we  had  been  hearing 
reports  of  the  imminent  eruption  of  the 
volcano  called  Krafla.  Since  we  were 
now  in  the  volcano  itself,  we  could  see 
the  active  area,  a black,  fuming  scab, 
not  half  a mile  away.  Beside  me, 
MariLynn  Flynn  was  chanting  intently  to 
herself:  "Erupt!  Erupt!" 

The  next  morning  was  devoted  to 
Lake  Myvatn’s  many  attractions:  Dim- 
muborgir,  the  "black  city,"  a maze  of 
fantastic  basalt  formations;  Skutus- 
tathagigar,  a swarm  of  explosion 
craters  formed  when  lava  flowed  over 
lakes  or  ponds-all  terrific  sightseeing 
for  any  painter  of  alien  landscapes. 

At  Hefty,  one  of  Myvatn’s  most 
famous  landmarks,  we  found  the  clos- 
est thing  to  a forest  we’d  seen  since 
leaving  home.  Leonov  and  I wandered 
off,  distracted  by  the  prospect  of  mush- 
room-hunting. The  cosmonaut-artist 
and  Soviet  hero  was,  I hoped,  also  an 
expert  mushroom-hunter.  Sauteed 
Russian-style  back  in  Leonov’s  room, 
they  were  delicious  (though,  I admit,  I 
let  him  have  the  first  taste). 

That  night  we  showed  slides  of  some 
of  our  works,  and  it  was  fascinating  to 
compare  the  Russian  approach  with 
our  own.  We’d  had  some  chance  to  do 
this  in  Moscow  the  year  before,  but  not 
at  such  length.  The  most  obvious 
difference  to  me  was  that  the  Soviets 
don’t  see  space  exploration  with  the 
same  technological  focus  as  Western- 
ers do.  While  we  depict  our  landscapes 
and  hardware  with  more  attention  to 
hard  detail,  the  Russian  art  seemed 
“softer"  to  us,  more  symbolic  and 
expressionistic. 

But  there  were  some  Russians  who 
easily  would  fit  into  the  Western  camp- 
Alexander  Petrov,  for  one,  with  his 
realistic,  Edward  Hopper-like  oils.  And 
Kara  Szathmary’s  use  of  symbolism,  if 
not  the  symbols  themselves,  seemed 
very  Russian.  It  was  clear  to  all  of  us 
that  this  difference  in  approach  could 
work  to  our  advantage-the  Soviets 
could  benefit  from  our  polish  and 
attention  to  science,  and  we  could 
learn  to  include  more  humanity, 
romance  and  history  in  our  own  work. 
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The  next  night,  in  a town  called 
Akureyri,  we  had  dinner  at  a small  place 
near  the  water.  It’s  a peculiar  sensation 
to  walk  into  a restaurant  in  a small  Ice- 
landic town  and  hear  Home  on  the 
Range  being  played  on  the  piano,  but 
by  now  we  were  becoming  inured  to 
Iceland’s  surprises. 

This  would  be  our  last  dinner 
together  as  a group.  Most  of  us  would 
be  on  the  way  back  to  the  United  States 
tomorrow.  The  Russians  would  be  stay- 
ing in  Reykjavik  for  a few  more  days,  but 
only  a handful  of  Americans  would 
remain.  After  a wonderful  dinner  of  Ice- 
landic lamb,  Togrul  sang  three  songs 
for  us.  Afterwards,  out  in  the  parking 
lot,  Leonov  tried  his  hand  at  singing, 
passing  the  hat.  He  didn’t  make  a 
krona. 

In  a lecture  hall  in  the  high  school 
next  to  the  hotel,  we  had  our  final  show- 
and-tell  sessions,  spreading  out  all  the 
work  that  wed  done  during  the  last  two 
weeks.  Frankly,  it  was  of  less  interest 
than  the  last  expressions  of  friendship 
we  still  had  time  to  make. 

It  seemed  a shame  that  we’d  only 
really  gotten  close  to  one  another  dur- 
ing the  last  day  or  two,  when  we’d 
stopped  segregating  ourselves  in  the 
bus  and  in  dining  rooms  and  finally 


This  vast  rolling  plain  of  black 
volcanic  ash,  with  a squat, 
snow-covered  mountain  on  the 
horizon,  was  as  bleak  and 
desolate  as  we’d  ever 
pictured  Mars. 


▼ ▼ ▼ 


begun  pairing  off  and  working 
together  After  much  trading  of  artwork 
and  sketches,  addresses  and  notes  in 
English  and  Russian  (to  be  translated 
upon  returning  home)  the  party  reluc- 
tantly broke  up. 

We’d  had  a lot  of  fun,  high-  and  low- 
jinks,  moments  of  inspiration  and 
passion,  the  kindling  of  new  friend- 
ships and  many  moments  of  great 
peace  and  beauty.  We  could  all  feel  the 
carbon  scaling  from  the  carburetors  of 
our  souls.  We  made  plans  for  future 
international  workshops-in  Moscow 
next  March  and  Pasadena  and  the 
American  southwest  next  August-as 


well  as  an  art  exhibition  that  will  travel 
throughout  the  world.  On  a smaller 
scale,  a few  artists-Michael  Carroll 
and  Alexander  Petrov,  Dennis  David- 
son and  Anatoliy  Veselov-made  plans 
to  collaborate  on  paintings. 

All  of  us,  whether  from  the  East  or  the 
West,  had  found  ourselves  in  an  alien 
world  where  even  the  language  had 
isolated  us,  and  where  political  and 
social  differences  simply  didn’t  matter. 
We  had  chosen  Iceland  for  its  ‘‘Mar- 
tian’’ landscapes,  and  the  thousands  of 
photographs,  sketches  and  impres- 
sions we  brought  back  will  be 
invaluable  to  our  art. 

But  there  seemed  another  reason 
why  Iceland  was  appropriate  for  our 
first  Western-Soviet  workshop.  Here, 
millions  of  years  ago,  two  vast  and 
opposing  forces  of  nature-fire  and 
ice-met  to  create  a land  of  incompar- 
able beauty.  Now  the  representatives 
of  two  new,  great  forces  have  met  in  this 
same  place. 

We  can  only  hope  that  again  great 
beauty  will  be  the  result.  □ 

Ron  Miller  is  an  artist  and  writer  in  Fred- 
ericksburg, Virginia.  His  most  recent 
book,  in  collaboration  with  William 
Hartmann,  is  Cycles  of  Fire. 
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If  a journey  around  the  world  changes  a person... 
then  a journey  200  times  around  the  world 
at  the  speed  that  a spaceship  travels 
changes  a person  even  more.  JoeAllen,  astronaut. 
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Liftoff 

continued  from  page  42 

“event  compression”  becomes  so 
intense  that  even  350  people  in  two  fir- 
ing rooms  can’t  track  each  milestone. 

Just  over  a minute  before  liftoff,  a 
problem!  The  astronauts  adjust  the 
“ports”  in  their  pressure  suits,  and  an 
oxygen  alarm  sounds  in  the  crew  com- 
partment. Merlino,  the  iceman,  calmly 
discusses  the  situation  with  com- 
mander Rick  Hauck  and  his  crew,  then 
announces  a hold  will  be  called  at  T 
minus  31  seconds.  But  the  crew  alertly 
suggests  a fix  as  the  clock  winds  down- 
they  simply  purge  the  oxygen  from 
Discovery’s  cabin.  The  numbers  return 
to  normal,  and  the  count  continues. 

At  T minus  6.6  seconds,  Discovery’s 
main  engines  roar  to  life,  sending  bil- 
lows of  steam  from  the  water-flooded 
launch  platform  beneath  them.  When 
the  clock  hits  zero,  the  solid  rockets 
ignite  and  lift  shuttle  and  crew  off  the 
pad  on  twin  columns  of  flame  and 
smoke.  A collective  cheer  bursts  from 
the  firing  room:  “Yeah!  Go!”  Our  words 
are  simple,  unpretentious,  colored  by 
memories  of  the  pain  and  horror  that 
had  come  before. 

As  Discovery  hurtles  away  from  the 
marshlands,  her  trail  of  fire  is  nearly  too 
bright  to  watch.  No  one  dares  speak 
above  a whisper.  “Go  baby,  go...”  The 
reputation  and  the  very  lives  of  the 
NASA  family  are  on  the  line.  Someone 
around  me  says,  “They’ve  passed 
73...”,  a reference  to  Challenger’s  final, 
doomed  second.  Finally,  the  solid 
boosters  separate  on  schedule,  to 
applause  and  sighs  of  relief.  From  the 
firing  room’s  windows,  just  at  the  limit  of 
vision,  I see  tiny  ribbons  of  smoke  trail- 
ing from  the  spent  rockets. 

The  boosters  have  passed  their  trial 
by  fire,  but  the  team  from  Rocketdyne, 
the  company  that  makes  the  orbiter’s 
main  engines,  has  several  more  anx- 
ious minutes  to  go.  Their  eyes  never 
leave  the  monitors,  even  to  celebrate 
booster  separation,  as  rows  of  tele- 
metry data  march  across  their  screens. 
But  when  the  crew  confirms  main 
engine  cutoff,  they  too  are  free  to  join  in 
the  ovation. 

Discovery  has  returned  to  space;  the 
long  ordeal  is  over. 

Later  that  day,  with  astronauts  orbit- 
ing safely  overhead  for  the  first  time  in 
too  long  a time,  I reflect  that  America  is 
back  in  space  to  stay,  and  it  seems 
somehow -right  Now  it’s  up  to  us  to 
make  sure  the  firing  rooms  are  never 
silent  again.  □ 

Dennis  Chamberland  is  a freelance 
writer  and  a NASA  Safety  Specialist  at 
the  Kennedy  Space  Center. 
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etc.  and  many  others.  CATALOG  of  plans,  parts, 
kits  and  assemblys  send  $1.00  to  Amazing 
Concepts,  Dept  FF  PO  Box  716,  Amherst,  NH 
03031. 


TELESCOPES 


WANTED:  YOUR  USED  TELESCOPES  & ACCES- 
SORIES. Excellent  prices  on  your  trade-in;  trade-ins 
handled  properly.  We  stock  all  major  brands  of 
telescopes.  For  an  immediate  quote  CALL  Jeff  or 
Brad,  Toll  Free  at  800-345-4202  or  612-545-6786. 
NORTHERN  SKY  TELESCOPES,  5667  Duluth  St., 
Golden  Valley,  MN  55422 


PHOTOGRAPHS 


NASA  Space  Photographs  and  Space  Art. 
Mercury,  Gemini,  Apollo,  Skylab,  Shuttle.  For  Free 
Color  Brochure:  Call  Horizon  Discovery  Group, 
Inc.,  Toll  Free:  1-800-444-1135. 


BOOKS  & PERIODICALS 

SOVIET  SPACEFLIGHT  REPORT  bimonthly  news- 
letter provides  detailed  information  on  Soviet 
space  activities.  Six  issues  $15.  Sample  issue 
$1.00.  Starwise  Publications,  PO  Box  25-FA, 
Pulaski,  NY  13142. 


VIDEOS 


!!  STS  26  MISSION  MATERIALS  !! 

STS  26  VIDEO  HIGHLIGHTS  $19.95  STS  26  FLIGHT  PLAN  S20.00 
AVD  Services  has  the  largest  collection  of  Highlight  VIDEOS  from 
Project  Mercury  to  Space  Shuttle,  all  approx.  1 hr.  Only  $19,951 
Complete  LUNAR  & Shuttle  Direct  TV  is  available  - WRITE  III 
Over  3000  official  NASA  slides  - Write  for  listings  II 
All  Shuttle  Press  Kits  $10  STS  51 L FLIGHT  PLAN  $25 

AVD  767  St.  Michaels  Dr.  Mitchellville,  MD  20716 


SPACE  VIDEOTAPES 

Quality  NASA  produced  videotapes  on 
Apollo-Lunar,  Mercury,  Gemini,  Challenger,  and 
unmanned  probes  Mariner,  Voyager,  and  Viking 
Write  for  our  FREE  illustrated  catalog  . 
SPECTRUM  Video,  Dept.  F 
PO  Box  3698,  Ontario,  CA  91761 


UNIQUE! 


Current  FIRST  DAY  COVERS  | 
with  ITight's  official  color  insignia. 

Commemorative  postcard  w/dramatic 

photo.  Postmarked  Launch  day/launch  site. 

^ Send  $2  & S.A.S.E.  to  ONSITH/KSC.  POB  2645. 
T'ville.  FL  32780.  Indicate  Postcard  or  Cover.  Past 
flights:  give  STS  #(from  26)  & choose:  Card  or  Cover. 


RARE  SPACE  COLLECTIBLES:  Flown  Material, 
Apollo  XI  LM  material,  Made  in  space  aboard  Chal- 
lenger material,  List,  $1.00.  BYLINA.  PO  Box  25844, 
Colorado  Springs,  CO  80936 


METEORITES! 

IRONS.  STONES. STONY-IRONS. 


Display  stands,  space  jewelry,  books, 
photographs.  Catalog  $1.  (Refundable) 

BETHANY  TRADING  COMPANY 
RO.  BOX  3726-F. 

NEW  HAVEN, 

CT  06525 


►AL/IIWJ  \^WIV 

catch 


Ytauik  Stm 

(203)  393-3395 


NASA’S  SPACE  SHUTTLE  PROGRAM,  exciting 
color  photo  collection.  For  catalog  and  sample 
send  $1.00  refundable  with  first  order  to:  SPACE 
COLLECTION,  Box  701-F  Cape  Canaveral,  FL 
32920 


METEORITES 

AVAILABLE  TO 
ASTRONOMERS.  SCHOOLS 
INSTITUTIONS  AND  PRIVATE 
COLLECTORS.  STONES  & IRON 
SPECIMENS  LIMITED  SUPPLY. 

ROBERTA.  HAAG  — METEORITES 
Box  27527.  Tucson.  A2  85726 

- PLEASE  SEND  $2.00  FOR  FULL  COLOR  CATALOG  - 
Refundable  on  first  order 


COLLECTORS  EDITION.  COMPLETE  30-year 
NASA  astronaut  insignia  PIN  collection — NOT  tiny 
cheap  enamel  "tie  tacs"  but  AUTHENTIC  jewelry- 
quality  OFFICIAL  designs  in  genuine  cloisonne: 
SUPPLIER  to  JPL,  KSC,  JSC,  museums.  Also, 
USSR  & INTERKOSMOS  cosmonauts,  ESA, 
Canada  & astronaut  group  class  pins.  Send  $1.00 
for  complete  pin/patch  catalog.  WE  ALSO  SPE- 
CIALIZE IN  CUSTOM  AEROSPACE  PROJECT 
DESIGNS.  SERIOUS  COLLECTORS!  Safeguard 
your  patches,  pins  & decals  in  custom  ALBUMS. 
EXCLUSIVELY  from:  Spacecom,  Division  223,  Box 
7304,  North  Hollywood,  CA  91603.  (818)  845-8411. 
GUARANTEED  HIGHEST  DUALITY 


APPOLLO  PROGRAM’S  GREATEST  MISTAKE:  Fail- 
ure to  check  Moon  Tsialkovsky  Crater’s  black  spot 
for  crude  oil.  Details  $3.00.  EZRA,  Box  5222F  San 
Diego,  CA  92105 


JOIN  AESA— FLY  TO  THE  EDGE  OF  SPACE.  20km 
2200  kph.  See  shuttle  launch.  Details  $1.00.  AESA, 
1501  Roosevelt  Ave.  F-1,  Carteret,  NJ  07008 


COMPUTERS  & SOFTWARE 


SPACE  BIRDS  predicts  visibility  of  artificial  earth 
satellites,  e.g.  Mir,  Salyut  7 and  NOAA  10;  runs  on 
IBM  PC.  Quarterly  SPACE  ORNITHOLOGY 
NEWSLETTER  keeps  SPACE  BIRDS  purchasers 
informed.  Write  for  complete  details. 
ASTRONOMICAL  DATA  SERVICE,  PC  Box  26180, 
Colorado  Springs,  CO  80936.  (719)  597-4068. 


EDUCATION 


U.S.  SPACE  CAMP 

Register  now  for  a week-long  adventureonto  astro- 
naut training  and  simulated  Space  Shuttle  missions. 
Grades  4-6  for  U.S.  SPACE  CAMP  in  Alabama  and 
Florida.  Grades  7-12  for  U.S.  SPACE  ACADEMY- 
Write  U.S.  SPACE  CAMP  ’89,  Box  1680, 

Huntsville,  AL  35807,  or  call  toll-free 
1-800-63-SPACE,  in  A'abama  " 

call  205-837-3400. 


HE 


MISCELLANEOUS 


AAF  A-2  Horsehide  $450 


Outerwear . Shirts  • Trousers . Dresses 


ForThose  Who  Require  the  Finest.  Original 
contractor  AAF/USN  A-2,  G-1,  B-3  leather 
flight  jackets  still  sewn  to  DWC  specs.  Safari 
wear  of  renowned  340  Bush  Poplin  cotton. 
Classic,  rugged  and  refined  outdoor 
clothing  for  adventurous  men  and  women. 


Catalogue  52.00 


Box  972  Linden  Hill  NY  11354 
718  797-9419 


FINAL  FRONTIER  63 


Destinations 


Destiny  is  not  a matter  of  cha  nce,  it  is  a 
matter  of  choice;  it  is  not  a thing  to  be 
waited  for,  it  is  a thi  ng  to  be  achieved. 
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NASA  • JPL 
IMAGES  FROM 
VOYAGER  AND 
HISTORIC 
SPACE  PROBES 


“Voyage  to  the  Outer  Planets 
and  Beyond”  is  a dramatic  first.  The 
first  classical  music  video  ever  ere 
ated.  Hosted  by  Isaac  Asimov,  the 
world’s  most  prolific  science  fiction 
author  is  an  acknowledged  authority 
on  space,  science  fiction  and  the  uni 
verse.  The  rare  NASA  and  JPL  foot- 
age is  set  to  the  inspiring  music  of 
Gustav  Hoist’s  1917  classical  compo- 
sition “The  Planets" 

This  musical  video  voyage 
through  outer  space  includes  a spe- 
cial four-color  brochure  prepared  by 
NASA  titled  “A  Look  at  the  Planets" 
and  “Space  Almanac"  a specially 
prepared  comprehensive  list  of 
astronomical  “coming  events ” 
through  the  year  2001. 

For  entertainment  and  educa- 
tional value,  “ Voyage  to  the  Outer 
Planets  and  Beyond ” is  an  inspiring 
experience.  Beyond  that,  it  is  a spirit- 
ual and  scientific  exploration  of 
space,  with  authoritative  documents 
to  satisfy  both  experts  and  novices. 

1 1 

VOYAGE  THROUGH  'OUTER  \ 
SPACE”  WITHOUT  LEAVING  \ 
THE  COMFORT  OF  YOUR  OWN  \ 
HOME!! 

ORDER  NOW  for  Only  S39.95  I 
Plus  $4.50  for  Postage  and  i 
Handling.  I 

Specify:  VHS  or  BETA  I 

Send  your  check  or  money  order  l 
to:  l 

Home  Video,  PO.  Box  310.  San  l 
Fernando.  CA  91341 -Please  l 
allow  4-6  weeks  for  delivery.  I 
FOR  IMMEDIATE  DELIVERY  I 
Call  Toll  Free  1-800-544-7557  I 
Operators  are  standing  by  to  take  l 
your  order  NOW.  I 

VISA.  MASTERCARD.  AMEX.  I 


Video 

Cassette 


Space  Almanac 
Thru  Year  2001 


MUSIC  FROM 

The  Planets  by 
Gustav  Holst 


SPECTACULAR 


Digital  Hi-Fi 
Stereo  w 


VHS/BETA 
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Connect  your  computertm 
HigherIntclugence. 


CompuServe’s  reference 
databases  make  you  more 
productive,  competitive, 
and  better  informed* 

Remember  the  last  time  you  tried  to 
get  your  hands  on  hard-to-find  facts?  in 
a magazine  article  you  read  a year  ago. 
In  a news  report  you  never  saw.  Or  in  a 
table  of  data  you  didn't  know  existed. 

Imagine  those  facts  just  a few 
keystrokes  away  on  your  personal 
computer.  Through  CompuServe, 

Your  personal  research  center 

Save  hours  of  research  by  going 


straight  to  the  reference  information 
you  need  in  seconds. 

Access  thousands  of  sources  of 
information  in  the  areas  of  business, 
finance,  medicine,  education, 
demographics,  science,  law,  news, 
popular  entertainment,  and  sports. 

What  you  know  can  help  you. 

Research  an  industry  or  company 
through  articles,  financial  statements, 
and  other  sources*  Analyze  an 
investment.  Assist  in  a job  search. 
Follow  market  competition.  Investigate 
a business  opportunity 

Check  characteristics  such  as  age, 


income,  and  occupation  in  any  US. 
community  For  a geography  report, 
a business  plan,  or  a family  move. 

All  you  need  to  access  CompuServe's 
unlimited  world  of  information  is  a 
modem  and  just  about  any  personal 
computer.  Visit  your  computer  dealer 
today.  To  order  direct,  or  for  more 
information,  call  or  write: 

CompuServe* 

Informal  ion  Services,  P.Q.  Box  20212 

5000  Arlington  Centre  Blvd,  Columbus,  OH  43220 

800-848-8199 

In  Otiio  and  Canada,  call  614  4570002 
An  H$R  eiM*  Company 


